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Abstract 
Over the 150 year history of major agricultural activity in Iowa nearly all the 
native prairie (99.9%) and wetlands (95%) were lost as native plant communities were 
converted to row-crop agriculture.  This major change from perennial to annual upland 
vegetation was accompanied by broad scale installation of tile drainage intended to 
remove moisture from saturated wetland soils, increasing available crop land.  The 
increased removal of water by tile drainage accompanied by the increase in surface 
runoff caused by the loss of permanent soil cover and compaction resulted in an increase 
in the rate and amount of water entering stream systems.  The increase in discharge 
overtime resulted in a series of channel adjustments (deepening & widening) to 
accommodate the increase in flow.  Sediment contributed due to these channel 
adjustments, specifically from streambank erosion has been shown to be a major source 
of sediment in many Midwestern stream systems.  The main objective of this study was 
to determine what impact the major past and present land use practices in the Walnut and 
Squaw Creek Watersheds were having on the location and rate of severe streambank 
erosion within the two channel systems.  The location and length of severe streambank 
erosion was mapped along the main channels of each watershed.  Eroding lengths were 
broke down into riparian land use categories: Coolseason grass, warmseason grass, row-
crop agriculture, grazed pasture, riparian forest, and grassland-forest mix.  Total stream 
length, sinuosity, and eroding streambank lengths were compared among all land use 
categories.  To estimate streambank recession rates, erosion pins were installed along 
streambanks in four major riparian land use types identified along the main stem of 
Walnut Creek.  Outcomes of this investigation indicate that areas with high sinuosity 
located directly downstream of channelized portions of the stream network were subject 
to longer eroding lengths with higher recession rates than locations higher in the 
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watershed.  The two current major riparian land uses most frequently associated with 
meandered sections of the steam system were riparian forest land and grazed pasture 
land.  Information from this study indicates that areas of stream segmented by alternating 
patches of channelized and meandered segments likely represent major source areas for 
streambank derived sediment.    
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CHAPTER 1 
Thesis organization 
This thesis contains four chapters which discuss a research project conducted at 
Walnut Creek and Squaw Creek in central Iowa.  Chapter one contains a breakdown of 
the thesis organization and a review of the literature on streambank erosion.  The second 
chapter is titled: An assessment of streambank erosion at the watershed scale on two third 
order watersheds in Central Iowa.  This chapter is a paper that will be submitted to the 
Journal of American Water Resources Association.  This chapter describes the 
relationship of riparian land use to streambank erosion within Walnut Creek and Squaw 
Creek in central Iowa.  The third chapter is titled: Sediment contribution estimates from a 
third order rural watershed in Central Iowa using three literature derived recession rates 
and field measured erosion-pin values.  The third chapter will also be submitted to the 
Journal of American Water Resources Association.  The paper compares estimates of 
streambank sediment contribution along three different riparian land-uses derived from 
three different literature sources of yearly streambank recession rates to estimates 
obtained using recession values from actual erosion pin measurements along Walnut 
Creek in south central Iowa.  Chapter four, general conclusions and observations, 
highlights the outcomes of the study, discusses field observations that were noted over 
the course of the investigation and puts them in perspective with the overall trends in 
severe streambank erosion locations and recession rates observed throughout the 
watershed and notes future research needs identified by this research.    
Literature review 
Many sections of streams and rivers in the Midwestern United States are in need 
of some form of restoration.  In Iowa alone over two hundred bodies of water have been 
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identified as impaired on the state’s 303d list (Iowa DNR 2006).  Over the 150 year 
history of major agricultural activity in Iowa nearly all the native prairie (99.9%) and 
wetlands (95%) were lost as native plant communities were converted to row-crop 
agriculture (Burkhart et al., 1994, Whitney, 1994).  This major change from perennial to 
annual upland vegetation was accompanied by broad scale installation of tile drainage 
intended to remove moisture from saturated wetland soils, increasing available crop land.  
The increased removal of water by tile drainage accompanied by the increase in surface 
runoff caused by the loss of permanent soil cover and compaction resulted in an increase 
in the rate and amount of water entering stream systems (Schumm, 1999).  The increase 
in discharge overtime resulted in a series of channel adjustments to accommodate the 
increase in flow (Lane, 1955; Simon, 1989).  Further hydrologic alterations of stream 
systems were caused by the dredging of artificial channels and straightening of existing 
streams.  Channelization of stream networks increase channel gradients, velocity and 
sediment discharge because of the decrease in overall stream length.  Simon (1989) noted 
stream channel length reductions of up to 44% following channelization activities.  In 
Iowa it is estimated that over 4,800 km of stream length has been lost due to 
channelization activities (Bulkley, 1975).   
Stream systems with altered hydrology and or modified channel conditions will 
undergo changes during six stages of channel adjustment (Simon, 1989).  Stage one 
represents the pre-modified or natural condition of the stream network.  Stage two, under 
Simon’s evolution model, represents the modification of the existing channel network 
during channelization.  Stage three is represented by down-cutting of the channel which 
results in higher streambanks and creates a nick point that advances upstream with 
continued down-cutting.  This stage can be initiated not only by channelization but also 
because of an increase in peak or total discharge cause by an increase in runoff from the 
contributing watershed.  The fourth stage involves the mass wasting of streambanks and 
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the widening of the overall channel.  Stage four represents streams that have banks that 
are too tall and vertical to be stable, the mass wasting occurs when the banks can no 
longer support their own weight and the channel begins to widen.  Stage five and six 
represent the aggradation of materials from streambank slumping along the toe of the 
bank and the formation of a new flood plain resulting in a channel in equilibrium with the 
flows associated with the system.   
 As steps are taken to rehabilitate stream and river corridors it is important to have 
an understanding of what best management practices are suitable to address specific areas 
of need and which past and present land use decisions have the greatest impact on stream 
networks.  Sedimentation is the leading non-point pollution problem in Iowa streams and 
rivers and is responsible for many of the listings on the state’s impaired waters list.  
Sedimentation in surface waters has been shown to cover critical fish spawning habitat, 
disrupt filter feeding and decrease species richness (Gage et al. 2004, Lemly 1982).  In 
addition to biological impacts sedimentation also has economic effects.  Flood control 
and water storage impoundments quickly fill with sediment and are subject to expensive 
dredging projects that cost millions of dollars nationwide (Wesche and Isaak 1999).   
Phosphorus, a major contributor to eutrophication of surface waters, is primarily 
delivered to streams through overland flow and streambank erosion.  Phosphorus adsorbs 
tightly to soil particles. Upland topsoils often accumulate P from fertilizer and manure 
inputs and when eroded collect in riparian zones giving these soils some of the highest P 
concentrations in the agricultural landscape (Zaimes and Schultz, 2002).  As a result soils 
within 60 meters of the stream are generally high in P and it has been shown that these 
soils are easily transported to surface waters (Gburek et al.2000).  It has been suggested 
that critical source areas like these should be targeted with land use practices that 
minimize P losses (Sharpley et al. 2000).  Recent studies in Iowa found that riparian row 
crop fields and continuously grazed pastures contributed up to 17 times more phosphorus 
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to streams than riparian forested areas (Zaimes et al. 2004).  Managing riparian zones in a 
way that decreases sediment and phosphorus inputs to surface waters is a critical step 
toward improving the ecological, social and economic health of waterways.  Zaimes et al. 
(2004) found that the installation of riparian forest buffers could reduce the sediment load 
to streams by up to 81% in comparison to row crop or grazed systems.  Before a 
management plan is implemented it is important to track the inputs of sediment and to 
study the effects of proposed controls.  While overland flow is known to contribute 
sediment to streams, in-channel erosion (“channel erosion” defined here as erosion of 
stream banks and beds) has also been shown to contribute significantly to the sediment 
load in streams.  Up to 44% of the suspended sediment in the Blue Earth River has been 
attributed to streambank slumping (Sekely et al. 2002) and Schilling and Wolte (2000) 
estimated that 50% of the annual suspended sediment load in Walnut Creek in south 
central Iowa was explained by streambank erosion. 
 Vegetation plays a significant roll in streambank stabilization.  Mechanical 
influences of roots on soil stability have long been recognized.  It has been shown that 
root-permeated soil makes up a composite material that has enhanced strength (Thorne 
1990). This mechanical enhancement increases the strength of bank soils making them 
more resistant to erosion and mass failure (Mamo and Bubenzer 2001).  In addition to 
mechanical stabilization vegetation has hydrological influences on stream bank stability.  
Vegetation affects soil moisture through interception, and transpiration.  Transpiration of 
soil moisture removes water from pores in the soil which leads to the development of 
negative pore-water pressure (matric suction) which increases cohesion and shear 
strength of cohesive soils (Simon et al. 2001).    Decreases in matric suction have been 
shown to lead to bank failures (Simon et al. 2000).  Recent studies have quantified the 
role of both mechanical and hydrological influences of vegetation on streambank 
stability.  Simon and Collision (2002) showed that hydrological effects of vegetation are 
  5 
just as important as mechanical ones and suggested that more consideration be given to 
the hydrological effects of vegetation on streambank erosion.  
Studying how certain vegetation communities and land use practices affect 
streambank stability is an important step in developing management schemes that reduce 
waterway sediment inputs.  The research conducted during this project was specifically 
aimed at measuring the direct and indirect impacts of riparian land use on the length and 
severity of streambank erosion in a third order rural watershed.  Determining the degree 
of streambank erosion occurring under current vegetation communities and land use 
practices is a key step in targeting best management practices at the watershed scale.  
Information gathered in this study and others like it can provide crucial information to 
natural resource managers in the field.  Information on how to target management 
practices and which land use practices have the greatest impact on a system will help land 
owners and natural resource managers to make informed decisions in the future.  
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CHAPTER 2.  Streambank erosion within on two third order 
watersheds in Central Iowa 
A paper to be submitted to the Journal of the American Water Resources 
Association 
J. A. Palmer, R.C. Schultz, T.M. Isenhart, K.E. Schilling 
Introduction   
 
Many sections of streams and rivers in the Midwestern United States are in need 
of some form of restoration.  In Iowa alone over two hundred bodies of water have been 
identified as impaired on the state’s 303d list (IA DNR 2006).  As steps are taken to 
rehabilitate stream and river corridors it is important to have an understanding of what 
best management practices are suitable to address specific areas of need.  Sedimentation 
is the leading non-point pollution problems in Iowa streams and rivers and is responsible 
for many of the listings on the 303d list.  Sedimentation in surface waters has been shown 
to cover critical fish spawning habitat, disrupt filter feeding and decrease species richness 
(Gage et al. 2004, Lemly 1982).  In addition to biological impacts sedimentation also has 
economic effects.  Flood control and water storage impoundments quickly fill with 
sediment and are subject to expensive dredging projects that cost millions of dollars 
nationwide (Wesche and Isaak 1999).   
Phosphorus, a major contributor to eutrophication of surface waters, is primarily 
delivered to streams through overland flow and streambank erosion.  Phosphorus adsorbs 
tightly to soil particles. Upland topsoils often accumulate P from fertilizer and manure 
inputs and when eroded collect in riparian zones giving these soils some of the highest P 
concentrations in the agricultural landscapes (Zaimes and Schultz, 2002).  As a result 
soils within 60 meters of the stream are generally high in P and it has been shown that 
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these soils are easily transported to surface waters (Gburek et al.2000).  It has been 
suggested that critical source areas like these should be targeted with land use practices 
that minimize P losses (Sharpley et al. 2000).  Recent studies in Iowa found that riparian 
row crop fields and continuously grazed pastures contributed up to 17 times more 
phosphorus to streams than riparian forested areas (Zaimes et al. 2004).  Managing 
riparian zones in a way that decreases sediment and phosphorus inputs to surface waters 
is a critical step toward improving the ecological, social and economic health of 
waterways.  Zaimes et al. (2004) found that the installation of riparian forest buffers 
could reduce the sediment load to streams by up to 81% in comparison to row crop or 
grazed systems.  Before a management plan is implemented it is important to track the 
inputs of sediment and to study the effects of proposed controls.  While overland flow is 
known to contribute sediment to streams, in-channel erosion (“channel erosion” defined 
here as erosion of stream banks and beds) has also been shown to contribute significantly 
to the sediment load in streams.  Up to 44% of the suspended sediment in the Blue Earth 
River has been attributed to streambank slumping (Sekely et al. 2002) and Schilling and 
Wolter (2000) estimated that 50% of the annual suspended sediment load in Walnut 
Creek in south central Iowa was explained by streambank erosion. 
The major goal of this project was to determine what impact the major past and 
present land uses in the Walnut and Squaw Creek Watersheds were having on the 
streambank erosion of the main branch and major tributaries of the stream network.  
Total lengths and locations of severe erosion within the Walnut and Squaw Creek 
Watersheds were determined by conducting a streambank erosion survey along the main-
stems in both Walnut and Squaw Creeks and in the major tributaries of Walnut Creek.  
Walnut Creek provided a unique opportunity for studying streambank erosion because 
much of its length runs through the Neal Smith Wildlife Refuge (Figure 1) in which large 
areas of the watershed are being converted from grazed pasture and row crop cultivation 
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into restored prairie and savanna.  This conversion represents the reverse of what has 
happened over most of the landscape during the past 150 years and provides the 
opportunity of studying what might happen if large portions of the landscape were 
converted back to perennial, un-grazed plant communities.  Additionally we were able to 
draw upon information obtained during the Walnut Creek Watershed Monitoring Project 
which monitored changes in water quality, including suspended sediment loads and 
stream discharge rates in both the Walnut Creek and Squaw Creek watersheds from 1995 
through 2005 (Schilling et.al 2006).  
 
Site Information:   
 Walnut Creek and Squaw Creek are third-order streams located in Jasper 
County, Iowa (Figure 2).  Walnut and Squaw Creeks drain 7,914 hectares (19,556 acres) 
and 6,386 hectares (15,781 acres), respectively.  The two watersheds are located on the 
Southern Iowa Drift Plain, a glaciated landscape that is characterized by steeply rolling 
hills and well developed drainage (Prior, 1991).   Climate in this area of the country is 
classified as humid continental and the areas around the two watersheds receive on 
average 850 mm of precipitation per year.  The bulk of this area was covered by a tall 
grass prairie ecosystem up until about 150 years ago when major agricultural conversions 
began to take place including broad scale tilling of the uplands, installation of artificial 
tile drainage systems and channelization of stream segments.  The riparian corridor along 
Walnut Creek is covered in a blanket of post settlement alluvium composed of a silty 
loam material (Camp Creek member) that averages between 0.7 and 1.7 meters in 
thickness at the streambank.  Camp Creek is one of three geologic members that Walnut 
Creek is in contact with.  The middle unit (Roberts Creek) is a silty clay loam pre-
settlement alluvium.  The bottom unit (Gunder Member) composes the bed and bank toe 
area of Walnut Creek.  The Gunder member is very cohesive pre-Illinoian till (Schilling 
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and Wolter 2000).  While the two watersheds share similar histories in recent years their 
paths have diverged.  In 1991 the U.S. Fish and Wildlife Service acquired over 1,450 
hectares (3,600 acres) of land within the Walnut Creek watershed and established the 
Neal Smith National Wildlife Refuge which has to date grown to over 2,220 hectares 
(5,500 acres) much of which has been converted from traditional agriculture to prairie 
and savanna.  A significant proportion of this conversion has taken place along the 
riparian corridor.  Land use in the Squaw Creek watershed has remained in traditional 
row crop and grazed pasture agriculture systems.   
Methods  
Stream Survey: 
An initial stream corridor assessment identifying the lengths and heights of 
severely eroding streambanks along the main channel and major tributaries of Walnut 
Creek and the main channel and two major tributaries in Squaw Creek was conducted in 
November of 2004 (Figure 2). The two primary goals of the survey were to quantify the 
length of severely eroding streambank in each watershed and to identify potential 
locations to study erosion rates.  During the survey GPS units were used to mark the 
location of severely eroding streambanks, animal access points, flow diversions, tiles, 
tributary intersections and gullies.  Severely and very severely eroding streambank 
lengths were identified using the criteria of the Natural Resources Conservation Services 
(USDA-NRCS, 1998).   Heights were determined using a scaled height pole (accuracy 1 
cm) to record the bank height approximately every 2 meters along each eroding bank, 
data was entered into the attribute table for the corresponding bank in the GPS unit.  In 
addition channel cross sections were conducted in the middle of each tributary surveyed 
and approximately every 400 meters (1/4 mile) along the main branch.  Information 
collected at channel cross sections included bank full width, wetted perimeter and 
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channel depth.  Data from cross sections were used to develop width to depth ratios 
throughout the watershed.   Data collected during the survey was loaded into a GIS 
program (Arc View 9, ESRI INC. Redlands, California) for synthesis and site selection.   
Other stream attributes were evaluated and classified in the following way.  
Tributary intersections were defined a channel that was cut down to the point of base 
flow of the receiving channel and was providing continuous flow to the stream network.  
All concentrated flow channels which were not incised to the point of base flow of the 
main channel and did not provide continuous discharge to the stream system were 
defined as gullies.  Animal access points were classified as either wildlife or livestock, 
based on the location of the access path (riparian grazing or not).  In cases where multiple 
trails intersected and entered the stream channel in a large area (mostly noted in livestock 
grazing areas) the site was counted as one entry point but the number of trails was noted 
in the attribute table of the GPS point.  Flow diversions were broken down into three 
categories, log jams, beaver dams, or other (trash in the channel or riprap).  In order to be 
defined as a flow diversion the object had to be capable of slowing or redirecting flow in 
the main channel.  The location of drainage tiles was noted and a size was recorded 
where possible. 
Watershed Analysis:   
Individual eroding bank lengths were determined by placing the GPS locations of 
the starting and ending point for each eroding bank length into an Arc View map.  
Streambank lengths were digitized between the two points using one meter resolution 
2002 Color Infrared digital orthophotos as a reference for stream curvature between 
points.  Riparian land use out to a buffer width of 40 meters on either side of the stream 
was identified and digitized using the 2002 orthophotos.  Accuracy of the riparian land 
use classifications were field checked in the spring of 2005 and changes in the land use 
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inventory were made accordingly.  Land use was identified in the riparian corridor of all 
surveyed sections of Walnut Creek and Squaw Creek.  The following major land use 
categories were identified along both streams, cool season grassland, re-established 
prairie, cool season grassland grazed, row crop agriculture, riparian forest and grass tree 
mix.  A criterion for selection was that the channel had the same land use on both sides of 
stream to a width of at least 40 m, matching the minimum on for installation of a riparian 
forest buffer (USDA-NRCS 1997). Sections of stream that did not meet the minimum 
width of 40 meters were classified as the major land use type beyond the “buffer” region 
(usually row crop agriculture).  Cool season grassland was identified as land dominated 
by a cool season grass community, with the exception of small bushes and sporadic 
young trees along the stream.  Re-established prairie (warm season grassland) was 
identified from maps of prairie plantings in the Neal Smith Wildlife Refuge.  Cool season 
grazed grass land was identified as pasture lands along the stream which are grazed by 
cattle.  No limit on the presence of trees was used however very little of the land 
identified as cool season grazed grass land had more than a few clumps of trees.  Row 
crop agriculture was identified as any section of stream which ran through a row crop 
agriculture field and did not have a buffer of at least 40 meters.  Riparian forest was 
classified as land which was dominated by trees.  If in the section of land had any large 
open grass areas (>10 meters in diameter) it was classified as grass tree mix.  The grass 
tree mix land use was used to catch all the sections of stream which had a buffer zone of 
at least 40 meters made up of a combination of grass land and forest community.  The 
threshold for placement of land in this category moving from grass land into grass tree 
mix was that the section contained pockets of trees within 40 meters of the stream greater 
than 10 meters in width.  During the selection process it was common to encounter very 
short sections of grass tree mix (50 meters in length or less) in between continuous 
sections of cool season or warm season grassland or riparian forest.   
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Land use data for the Walnut Creek and Squaw Creek Watersheds as a whole 
were obtained from the Iowa Department of Natural Resources in the form of a CLU 
(Common Land Unit) Arc View data layer which was collected in 2005.  The CLU was 
used to identify and breakdown the land use areas by individual watersheds and by 
surveyed sub-watershed.  Figures 3 and 4 show the location of each sub-watershed in 
Walnut Creek and Squaw Creek.  A digital topographic map for Walnut Creek and 
Squaw Creek Watersheds was obtained from the Iowa DNR online Natural Resource 
Geographic Information System Library and was used to develop contribution areas for 
the surveyed section of each watershed.  The topographic map was derived from the 
hypsography layer of the 1 x 1/2 degree USGS 100 k digital line graph files with an arc 
spacing of 10 m.  A DEM (Digital Elevation Model) was created from the digital 
topographic map using the Spatial Analyst tool set in Arc View 9 to determine the 
contributing area and land use in each sub-watershed surveyed in the Walnut Creek and 
Squaw Creek Watersheds. 
 The Riparian land use data set developed in the sections above was utilized for 
identifying the location of sites for erosion-pin plots which were used in another portion 
of this project.  A criterion for selection was that the 402 meter stream lengths have the 
same land use on both sides of stream to a width of at least 40 m, matching the minimum 
width used for riparian land use classification in the section above.  In cases where the 
stream length was longer than the 402 m required for particular land use classification, 
the middle 402 m of that section was chosen as the treatment section. In the end a total of 
eight 402 meter stream lengths were selected, two of each: cool-season grass un-grazed, 
cool-season grass grazed, re-established prairie, and riparian woodland.  
The main channel in each watershed was broken into equal segments in order to 
identify trends within and between the two stream systems. The main branch of each 
stream was divided up into sections that equaled 30 times the average channel width 
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using the assumption that a single “natural” meander wavelength occurs over a distance 
of 14 times channel width (FISRWG, 1998) and the requirement that we capture the 
length of at least two “natural” meander wavelengths.  In each watershed the average 
width of the main channel was determined using cross sections collected during the initial 
streambank survey.    A single average width was used for the main channel in both 
Walnut Creek and Squaw Creek (4.96 and 5.03 meters respectfully).  Due to the highly 
altered nature of the two stream systems actual naturally spaced meander wavelengths did 
not occur and the 30 times average channel width length was used in both Walnut Creek 
and Squaw Creek Watersheds (149 and 151 meters respectfully).   The total eroding 
streambank length, sinuosity and riparian land use classification was determined for each 
segment.   Stats were run using a One Way ANOVA and Student’s T-Test in JMP 
Statistical Discovery 6.0 from SAS.  Comparisons were made between individual 
segment sinuosity and eroding length to determine if onsite sinuosity had an effect on the 
length of severely eroding banks.  Sinuosity and segment streambank erosion length was 
also compared between all land uses using the Turkey-Kramer Honestly Significant 
Difference test to determine if differences existed between land use categories. 
In order to estimate what impact these eroding streambank lengths are having on 
surface water quality and stream health literature values for streambank recession rates 
were applied to the eroding lengths identified in the survey.   Severely eroding 
streambanks were assumed to have one of the three following recession rates: 9.1 cm yr-1, 
12.2 cm yr-1, or 15.2 cm yr-1 (USDA-NRCS 1998).  These values correspond to the visual 
definition of a severely to very severely eroding streambank condition using the criteria 
of the Natural Resources Conservation Services (USDA-NRCS, 1998)    
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Soil Collection and Analysis:   
Bulk density sampling was conducted by collecting a pair of soil samples one at 
1/3 and 2/3 bank height along streambanks in each of the an erosion pin treatment.  Soil 
was collected by pushing a 2.5 cm diameter, 38 cm long soil probe into the bank face and 
removing the intact soil core.  Samples were dried in a 105°C oven for 24 hours and then 
weighed to determine the dry soil weight of each sample.  Bulk density was determined 
by using the following calculation:  
Equation 1 
Bulk density = dry soil weight / volume of soil core. 
At each of the eight erosion monitoring sites three ground water monitoring wells 
were installed at 1, 18 and 36 m from the stream along a transect perpendicular to the 
streambank at the center of the eroding bank length.  Soil samples were collected during 
the excavation of the wells and were taken from each of the three strata (Camp Creek, 
Roberts Creek and Gunder Member) encountered. Particle size analysis, total 
phosphorus, total nitrogen and total carbon tests were conducted on the soil samples.  
Total phosphorus was determined using an alkaline oxidation method developed by Dick 
and Tabatabai (1977).  Particle size analysis was conducted using the pipette method as 
described by Gee and Bauder (1986).  The soil samples for the total carbon and nitrogen 
test were sent out to a lab on the Iowa State University campus for dry combustion on a 
Thermo Finnegan Flash Analyze. 
Quantification of sediment and phosphorus contribution from 
streambank erosion: 
An estimate of sediment and phosphorus contribution from streambank erosion in 
each watershed was quantified using recession rates corresponding to the published rates 
for severe-very severely eroding classification from the NRCS.  Banks were assumed to 
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have one of the three following recession rates: 9.1 cm yr-1, 12.2 cm yr-1, or 15.2 cm yr-1 
(USDA-NRCS 1998).  Using heights and lengths acquired during the 2004 stream 
survey, the total surface area of severely to very severely eroding streambanks was 
quantified for each watershed.  Each of the three different NRCS recession rates were 
applied to the streambanks within both watersheds yielding three estimates of cubic 
meters of erosion.  Average bulk density (kg m-³) and phosphorus content (g/kg) were 
used in the following calculations to quantify sediment and P losses from streambank 
erosion: 
Equation 2 
[(Bank height (m) * Bank length (m)) * Recession rate (m/ yr-1)] * Bulk density 
(kg/ m-³) = Kg Sediment lost per year 
Equation 3 
[(Result of equation 2) * P content of soil (g/kg)] * 1000 = Kg of P lost per year 
Equations two and three were applied to all eroding banks identified in both watersheds 
resulting in yearly estimates for average sediment and phosphorus contributions from 
streambank erosion. 
Results and Discussion  
Stream Mapping Survey: 
The 2004 stream corridor mapping project took the efforts of thirteen people 
working three ten hour days for a total of 390 person hours.  Over the course of three 
days more than 46 km of stream were surveyed (34 km in Walnut Creek and 12 km in 
Squaw Creek).  The main channel and eight major tributaries of Walnut Creek and the 
main channel and two tributaries of Squaw Creek were surveyed, which is reflected in the 
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total surveyed length for each watershed.  In addition to streambank information the 
location of animal access points, debris dams, tile outlets, gullies and tributary 
intersections were collected.  Table 1 provides a detailed summery of the data collected 
on Walnut Creek and Squaw Creek.  The most notable differences between the two main 
channels are seen in the number of tile outlets and animal access points. Thirty tile outlets 
were found along Walnut Creek while 65 were found along Squaw Creek.  This trend 
should be expected as the refuge has converted upland agricultural land use practices into 
perennial vegetation and removed some major tiles.  It is likely that some tiles were 
overlooked in each watershed, especially in Walnut Creek, as many of the tiles were not 
flowing at the time of the survey.  The number of wildlife access points seen in the two 
watersheds also differed greatly. Walnut Creek had 303 while Squaw Creek had 105, 
demonstrating the impact of improved riparian corridor habitat along Walnut Creek.  
The surveyed portion along the main channel of both creeks was similar in length, 
10,295 m in Walnut Creek and 11,072 m in Squaw Creek.  Trends in sinuosity and 
erosion along the main channel of each creek differed in the two watersheds.  In Walnut 
Creek the length of severe streambank erosion increases as you move downstream (p 
0.0025) and also increases as sinuosity increases (p 0.005).  This trend in increasing 
length of severe streambank erosion as you move down channel and into more sinuous 
stream sections was expected and predictable (Hooke 1980 and Laubel 2003).  Trends in 
Squaw Creek differed greatly from those in Walnut Creek.  No correlation was found 
between sinuosity and the length of severe streambank erosion (p 0.68), the length of 
severe streambank erosion decreases as you move downstream (p 0.0001) while sinuosity 
increases (p 0.04).  These trends were not expected and are difficult to explain.  The most 
probable explanation for the increase in length of severe streambank erosion at the upper 
end of the stream is the lack of riparian vegetation in this portion of the watershed.  It is 
possible that the lack of adequate riparian vegetation in these sections has lead to a 
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decrease in streambank stabilization and therefore an increase in the occurrence and 
length of severely eroding streambanks.   
Total eroding lengths observed in each watershed also differed greatly.  The total 
length of eroding bank along the main channel of Walnut Creek was 6,255 m.  With a 
total stream length of 10,279 m (20,558 m of bank) this means that roughly 30% of all 
streambanks along the main channel were severely eroding.  Of the 22,142 m of 
streambanks surveyed along the main channel of Squaw Creek, 2,444 m were severely 
eroding or roughly 11%.  A comparison of severely eroding lengths along the main 
channels of each creek showed that Walnut Creek had nearly three times more length of 
severely eroding streambanks than did Squaw Creek.  Land uses identified along the 
main channel of Walnut Creek included riparian forest, grass-tree mix, grassland, grazed 
grassland, and row-crop agriculture.  In Squaw Creek only the grass-tree mix and row-
crop agriculture land uses were present.  Data from Table 3 show that along the main 
channel of Walnut Creek grassland, riparian forest and grazed pasture make up fairly 
equal percentages of the total stream length (15%, 16% and 16% respectively) while the 
dominant individual land use encountered was the grass-tree mix at 44% of the total 
length (almost as much as the three others combined).  A break down of eroding bank 
length by riparian land use showed that 27% of the severely eroding bank length occurred 
along riparian forest and 40% along grass-tree mix, the combination of the two 
accounting for 67% of the total length of severely eroded banks along the channel (Table 
4).  Forested sections have more severe streambank erosion per unit length than any other 
land use classification (p = 0.0008).  Of the 3,354 m of bank along riparian forest roughly 
50% were classified as severely or very severely eroding, compared with only 6% of the 
3,076 m that ran through grassland (Table 2).  This stark difference in the length of 
eroded bank helps explain why, while almost equally represented in total bank length 
along the main channel, riparian forest accounts for 27% of the total eroded bank length 
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observed while grassland only accounts for 3% (Table 4).  Several possible explanations 
for this difference exist. 
The majority of the grassland stream segments in Walnut Creek are located in the 
mid to upper portions of the watershed (Figure 3) and are non-sinuous in nature (due to 
past channel alterations) which leads to less outside bends, a common location of 
streambank erosion.  It was found that grass land sites are less sinuous than forested sites 
(p 0.0001)), The lack of meandering observed along grassland sections is due to the 
recent row-crop agriculture history of the sites.  Natural meandering was removed during 
agricultural development to maximize available crop land and to increase rate of water 
removal from the system so to avoid flooding of adjacent fields.  The artificial channel 
created by these activities is specifically designed to convey water and not erode 
(Fangmeier et.al. 2006).  In contrast, all of the segments which run through riparian forest 
are located at the lower end of the watershed where little to no channelization has 
occurred, sinuous conditions persist and the watershed contribution area is highest.    In 
addition to higher contributing areas the forested sites may also be impacted by upstream 
channelization in the grassland sections of the stream network.  It is well documented that 
channelized stream sections have an increased gradient which is caused by decreasing the 
overall length of the channel.  Simon (1989) reported that channelization of streams in 
western Tennessee resulted in shortening of streams by as much as 44% and increasing 
the gradient up to 600%.  This increase in gradient results in an increase in velocity 
through the channelized section.  As the water moves downstream along this conveyor 
belt it enters a sinuous (meandered) stream section with increased stream power that may 
artificially increase both the presence of and rate of streambank erosion within that 
section.  The increase in velocity through channelized sections has little effect on the 
banks in that section because the highest flow velocity, which follows the thalweg, is 
located just below the surface in the middle of the straightened channel, away from the 
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banks (FISRWG, 1998).  As the flow enters a meandered reach the location of the 
thalweg shifts and runs along the outside bend of the meander curves in the stream 
channel.  The increased stream power from the channelized section directly impacts the 
streambanks along the meandered reaches downstream.  How far downstream this local 
increase in stream power is transmitted is not known and should be given more 
consideration in future studies. 
Within the two land uses that make up the riparian corridor of Squaw Creek’s 
main channel, 85% of the severely eroded bank length occurred in row-crop agriculture 
and 15% in the grass-tree mix land use (Table 3).  As a whole, 12 % of all streambanks in 
row-crop fields along the main channel of Squaw Creek were classified as severely to 
very severely eroding.  By comparison 27% of row crop streambanks along the main 
channel of Walnut Creek were so classified.  However, Walnut Creek only had 1,900 m 
of row crop streambanks while Squaw Creek had 18,900 m.   When the tributaries of 
Walnut and Squaw Creek are added into the comparison the overall percentages of row 
crop streambanks that are severely to very severely eroding turn out equal at 13% in each 
watershed (Table 2).   Despite the difference in total row-crop stream length the same 
relative percentage of banks in row crop land use were found to be severely eroding in 
each watershed.  This was not expected since the location of row cropped stream 
segments are quite different between the two watersheds.  A breakdown of land use by 
sub-watershed in Walnut Creek shows that nearly half of the row crop agriculture in the 
watershed is confined to the upper two tributaries (Tributaries 1-1 and 1-2,  Figure 3) 
while row crop agriculture is fairly evenly distributed throughout the Squaw Creek 
Watershed (Figure 4 ).  Almost all of the row-crop stream segments in Walnut Creek are 
located in the upper portion of the watershed (Strahler stream order 1) where stream 
discharges are relatively low while in Squaw Creek, row-crop segments are found 
throughout the watershed including in the lower portion (Strahler stream order 3) where 
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stream discharges can be quite high.  Schilling et al. 2006 showed that over ten years of 
monitoring Squaw Creek often had higher maximum daily discharge and a higher annual 
baseflow level, indicating that Squaw was flashier in nature and was highly influenced by 
tile drainage, though both watersheds responded very rapidly to storm events.  The major 
similarity in row-crop segments between the two watersheds is that they tend to be 
located along channelized stream reaches which, for reasons previously noted, may lead 
to a decrease (at least temporarily) in on site streambank erosion but may intensify 
erosion activity down stream.  This may in part explain why despite differences in 
locality and length the percentage of streambank undergoing severe erosion is the same.  
Soil Data:  
Soil data represents only the samples taken immediately adjacent to or on the 
streambank as these are the only samples pertinent to the study.  Data from the bulk 
density sampling indicated that bulk densities were fairly uniform within the Walnut 
Creek watershed.  Table 5 shows that the average bulk density of streambank soil in 
Walnut Creek was 1.33 metric tons (1.47 tons) per /m-³ ;this information was used to 
produce estimates for sediment contributions from Walnut and Squaw Creek.  Data from 
the texture analysis showed that streambank soils within this watershed are 
predominantly silt loam across all strata.  Due to uneven sampling no statistics were run 
on the soil phosphorus data set (only one riparian forest site and one grazed pasture site 
were sampled while all four grass sites were sampled).  Since no statistical differences 
could be obtained the overall average of 580.5 mg/kg of P was the value used in 
estimating phosphorus contributions to the stream instead of values for individual land 
use types 
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Streambank erosion contributions utilizing NRCS recession rates:   
Estimates of sediment and phosphorus contributions to Walnut Creek and Squaw 
Creek from streambank erosion were made using three recession rate estimates that apply 
to severely through very severely eroding streambanks, 9.1 cm yr-1, 12.2 cm yr-1, or 15.2 
cm yr-1 (USDA-NRCS 1998).  Total sediment and phosphorus contributions to Walnut 
Creek and Squaw Creek can be found in Tables 6 and 7.  Trends in sediment contribution 
values tended to follow those of eroding lengths by land use seen in Table 4 with the 
grass tree mix and riparian forest land uses contributing the most sediment due to their 
longer overall eroding length.  Estimates of sediment contribution from streambank 
erosion along the main channels of Walnut Creek and Squaw Creek were derived.  
Contributions from streambank erosion along the main channel of Walnut Creek range 
from 3,000 to 4,900 metric tons per year (3,200 tons to 5,400 tons per year) while along 
Squaw Creek’s main channel between 1,000 and 1,700 metric tons per year(1,100 and 
1,900 tons per year) are expected.  As with the comparison of total eroding length, values 
in Walnut Creek were around three times larger than those seen in Squaw Creek.      
Tributaries with high percentages of riparian forest, grass-tree mix or grazed 
pasture tended to have higher sediment contribution values than tributaries which 
contained more riparian grassland and row crop land use, this is mainly due to the lower 
percentage of streambanks classified as severely eroding in the grass land or row crop 
land uses.  The average bank heights in each tributary was determined and compared to 
determine if surface area was influenced by differences in bank height among tributaries.  
It was shown that the average bank height amongst tributaries was 1.98 m with a standard 
deviation of .43 m.  It is unlikely that differences in streambank height accounted for the 
differences in sediment contribution; the driving force for sediment values appears to be 
total eroding length.  It must be noted that using the NRCS literature values for 
streambank recession forces the assumption that all severely eroding streambanks have 
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the same recession rate regardless of adjacent land use, which may not be true.  It is 
possible that severely eroding streambanks located in grass land or row crop land uses 
may have higher recession rates which may out weigh the longer lengths observed in 
other riparian land uses.   
Data in Table 5, which was obtained from the Walnut Creek Watershed 
Restoration and Water Quality Monitoring Project Final Report (Schilling et. al. 2006), 
shows that the 10 year average sediment discharge for Walnut Creek was 7,600 metric 
tons per year and 7,300 metric tons per year for Squaw Creek (8,384 and 8,044 tons 
respectively).  Based on the ten years of monitoring it can be said that sediment export in 
these two watersheds is essentially the same (Schilling et. al. 2006).  Sediment inputs 
from severely eroding banks (using NRCS values) as a percentage of average yearly 
sediment export for Squaw Creek totaled between 19 and 32 percent for the entire 
surveyed length and between 14 and 23 percent for just the main channel.  Since only two 
of the   major tributaries in Squaw Creek were assessed for severe erosion we were 
unable to estimate total watershed streambank erosion sediment contribution values with 
the same level of detail that we could in Walnut Creek.  Walnut Creek’s Main channel 
contributions ranged from 39 to 64 percent of the 10 year average annual export and 
between 77 and 129 percent for the entire surveyed length.  The very high percentages in 
Walnut Creek associated with the upper end of the NRCS estimates are likely skewed due 
to the frame work of the comparison.  It is very likely that in a year where recession rates 
are on the upper end of the scale total sediment discharge from the basin would also be 
greater thereby reducing the percentage made up by streambank erosion.  As an example 
of this if we are to assume that the higher recession rates occur in a year with more 
hydrological activity like 1998, where 16,662 metric tons of sediment was exported from 
Walnut Creek (Table 8), the percentage of total watershed sediment export made up by 
sediment from streambank erosion would have been, at the upper end of NRCS recession 
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values, 29% for the main channel and 65% for the entire surveyed length with the 
remainder of the sediment load being derived from overland flow, gully erosion and 
channel bed re-suspension.  Rough estimates of sediment contribution utilized in this 
study ran a little high but the range of possible values lined up fairly well with 
contribution percentages quoted in other regional studies, 44% on the Blue Earth River in 
Minnesota (Sekely et al. 2002) and 50% on Walnut Creek in Jasper County Iowa 
(Shilling and Wolter, 2000).           
Conclusions 
It is the authors’ contention that the spatial variability in the location of 
streambank erosion noted in this study is by no means exclusive to these two watersheds 
but is likely a common occurrence throughout the Midwestern landscape.  It is therefore 
likely that onsite assessment of streambank condition either by the methods deployed in 
this study or through other forms of riparian assessment such as the Rapid Assessment of 
Stream Condition along Length (RASCAL) utilized by the Iowa Department of Natural 
Resources will be necessary to determine streambank condition throughout a given 
watershed.  Variation in the location of severe streambank erosion is caused by riparian 
land use and geomorphic condition of the channel network, these variables may also 
influence the recession rate associated with the erosion activity.  Regional geologic, 
hydrologic, and climatic variables undoubtedly impact both the occurrence and rate of 
streambank erosion in any given area.  It is therefore necessary to further refine the 
recession estimates associated with visual streambank assessment protocols like the 
severely to very severely eroding streambank visual assessment criteria of the Natural 
Resources Conservation Services (USDA-NRCS, 1998).  Calibrating a visual bank 
assessment protocol for various geomorphic or eco-regions would allow resource 
managers to effectively identify critical sediment source areas on a basin wide scale.  
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Furthermore identification of riparian land use practices which reduce streambank 
erosion lengths and rates on a site specific basis would facilitate the development of best 
management practices for streambank erosion control.  Future efforts should be 
concentrated on developing recession values for specific stream bank conditions, such as 
those described in the NRCS severe to very severe erosion protocol (USDA-NRCS, 
1998), on an eco-region basis, with particular attention being paid to eco-region wide 
land use impacts for various geomorphic conditions  
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Tables  
 
 
  Walnut Creek Squaw Creek 
Feature Total Main Tribs Total Main  Tribs 
Animal access point         
Wildlife 649 303 346 105 105 0 
Cattle/Bison(Walnut) 280 48 232 0 0 0 
Debris Dam         
Beaver 37 13 24 17 17 0 
Log 173 59 114 92 86 6 
Other (trash, tires, 
refrigerators ect.) 19 5 14 13 11 2 
Tiles 171 30 141 74 65 9 
Gullies 376 96 280 124 116 8 
Tributary intersections 45 22 23 13 13 0 
 
Table 1. Numbers of animal access points, debris dams, tiles, gullies and tributary 
intersections found along Walnut and Squaw Creeks during the 2004 streambank 
survey of 2004 
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Table 2.  Break down of total stream length by branch and percent of land use for all surveyed sections of Walnut and 
Squaw creek  
 Row Crop Grass-tree mix Grassland Riparian forest Grazed Buffalo pasture Total 
Squaw 
Stream 
Length 
(m) 
% of 
total 
Stream 
length 
(m) 
% of 
total 
Stream 
length 
(m) 
% of 
total 
Stream 
length 
(m) 
% of 
total 
Stream 
length 
(m) 
% of 
total 
Stream 
length 
(m) 
% of 
total 
Stream 
Length 
Main Channel 9,450 85 1,621 15 -  -  -  -  11,071 
Trib 1 804 100 -  -  -  -  -  804 
Trib 2 582 100 -   -   -   -   -   582 
Total 10,836 87 1,621 13 -   -   -   -   12,457 
Walnut              
Main Channel 951 9 4,492 44 1,538 15 1,677 16 1,621 16 -  10,279 
Trib 1-1 2,043 50 -  600 15 -  1,406 35 -  4,049 
Trib 1-2 4,141 97 -  140 3 -  -  -  4,281 
Trib 2 
-  990 60 663 40 -  -  -  1,653 
Trib 3 
-  1,637 64 909 36 -  -  -  2,546 
Trib 4 
-  413 37 691 63 -  -  -  1,104 
Trib 5 
-  145 3 1,055 19 -  -  4,272 78 5,472 
Trib 6 683 70 -  -  -  286 30 -  969 
Trib 7 433 100 -  -  -  -  -  433 
Trib 8 
-   2,395   -   873 27 -   -   3,268 
Total 8,251 24 10,072 30 5,596 16 2,550 7 3,313 10 4,272 13 34,054 
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Table 3.  Total stream bank length (m), total eroding bank length and percent of total bank length that is eroding in each 
land use category for all surveyed sections of Walnut and Squaw Creek.  
 Row Crop Grass-Tree Mix Grassland 
 
1
 
Bank 
length (m) 
Eroding 
length (m) 
% 
eroding 
Bank 
length (m) 
Eroding 
length (m) 
% 
eroding 
Bank 
length (m) 
Eroding 
length (m) 
% 
eroding 
Squaw Main 
Channel 18,900 2,209 12 3,242 235 7 -   
Squaw trib 1 1,608 497 31 - -  -   
Squaw trib 2 1,164 140 12 - -   -     
Total 21,672 2,846 13 3,242 235 7       
Walnut Main 
Channel 1,902 515 27 8,984 2,528 28 3,076 187 6 
Walnut trib 1-1 4,086 102 2 - -  1,200 155 13 
Walnut trib 1-2  8,282 1,118 13 280 105 38 - -  
Walnut trib 2 - -  1980 470 24 1,326 263 20 
Walnut trib 3 - -  3,274 267 8 1,818 157 9 
Walnut trib 4 - -  826 137 17 1,382 73 5 
Walnut trib 5 - -  290 0 0 2,110 124 6 
Walnut trib 6 1,366 115 8 - -  - -  
Walnut trib 7 866 370 43 - -  - -  
Walnut trib 8 - -   4,790 1721 36 - -   
Total 16,502 2,220 13 20,424 5228 26 10,912 959 9 
 
                                                 
1
 Locations of tributaries for Walnut Creek and Squaw Creek are located in figures 3 and 4 
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Table 3  Continued 
 Riparian forest Grazed Buffalo pasture Total 
 
1
 
Bank 
length 
(m) 
Eroding 
length 
(m) 
% 
eroding 
Bank 
length 
(m) 
Eroding 
length 
(m) 
% 
eroding 
Bank 
length 
(m) 
Eroding 
length 
(m) 
% 
eroding 
Bank 
length 
(m) 
Eroding 
length 
(m) 
% 
eroding 
Squaw Main 
Channel -   -   -   22,142 2,444 11 
Squaw trib 1 -   -   -   1,608 497 31 
Squaw trib 2 -   -   -   1,164 140 12 
Total                   24,914 3,081 12 
Walnut Main 
Channel  3,354 1,680 50 3,242 1,345 41 - -  20,558 6,255 30 
Walnut trib 1-1 - -  2,812 496 18 - -  8,098 753 9 
Walnut trib 1-2  - -  - -  - -  8,562 1,223 14 
Walnut trib 2 - -  - -  - -  3,306 733 22 
Walnut trib 3 - -  - -  - -  5,092 424 8 
Walnut trib 4 - -  - -  - -  2,208 210 10 
Walnut trib 5 - -  - -  8,544 1,377 16 10,944 1,501 14 
Walnut trib 6 - -  572 116 20 - -  1,938 231 12 
Walnut trib 7 - -  - -  - -  866 370 43 
Walnut trib 8 1,746 760 44 - -  - -  6,536 2,481 38 
Total 5,100 2,440 48 6,626 1,957 30 8,544 1,377 16 68,108 14,181 21 
 
                                                 
1
 Locations of tributaries for Walnut Creek and Squaw Creek are located in figures 3 and 4 
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Table 4.  Break down of total eroding bank length (meters) by land-use and tributary for all surveyed sections of Walnut 
Creek.   
 
Forest Grass Tree mix Grassland 
Branch 
Length 
(m) 
% Land 
use Total 
% Branch 
Total 
Length 
(m) 
% Land 
use Total 
% Branch 
Total 
Length 
(m) 
% Land 
use Total 
% Branch 
Total 
Main 
Channel 1,680 69 27 2,528 48 40 187 19 3 
Trib 1-1  - - - - - - 155 16 21 
Trib 1-2  - - - 105 2 9 - - - 
Trib 2  - - - 470 9 64 263 27 36 
Trib 3   - - - 267 5 63 157 16 37 
Trib 4   - - - 137 3 65 73 8 35 
Trib 5  - - - - - - 124 13 8 
Trib 6   - - - - - - - - - 
Trib 7  - - - - - - - - - 
Trib 8  760 31 31 1721 33 69 - - - 
 
         
Land use 
Total 2,440 100  5,228 100  959 100  
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Table 4 continued  
 
Grazed  Rowcrop buff Branch Total 
Branch 
Length 
(m) 
% Land 
use Total 
% 
Branch 
Total 
Length 
(m) 
% Land 
use Total 
% 
Branch 
Total 
Length 
(m) 
% Land 
use Total 
% 
Branch 
Total 
Length 
(m) 
% Total 
Erosion 
Main 
Channel 1,345 69 22 515 23 8 - - - 6,255 44 
Trib 1-1  496 25 66 102 5 14 - - - 753 5 
Trib 1-2  - - - 1,118 50 91 - - - 1,223 9 
Trib 2  - - - - - - - - - 733 5 
Trib 3   - - - - - - - - - 424 3 
Trib 4   - - - - - - - - - 210 1 
Trib 5  - - - - - - 1377 100 92 1501 11 
Trib 6   116 6 50 115 5 50 - - - 231 2 
Trib 7  - - - 370 17 100 - - - 370 3 
Trib 8  - - - - - - - - - 2,481 17 
 
           
Land Use 
Total 1,957 100  2,220 100  1,377 100  14,181 100 
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Table 5.  Average sand silt and clay percentages, bulk density, total soil phosphorus 
(P), nitrogen (N) and carbon (C) by land use for Walnut Creek 
 
 
Streambank Soil Properties 
 
Land Use 
% 
Sand 
% 
Silt  
% 
Clay 
Metric 
Tons/m³ Lbs/Ft³ 
P 
(mg/kg) 
N 
(%) 
C 
(%) C:N 
Grassland 15.3 59.2 25.5 1.3 82.2 503.0 0.09 1.0 9.7 
Riparian 
Forest  11.2 61.1 27.7 1.3 83.3 694.7 0.13 1.6 10.0 
Grazed 
Pasture 18.9 57.9 23.2 1.3 83.9 638.2 0.11 1.2 10.2 
Overall 
Average 15.1 59.4 25.5 1.3 82.7 580.5 0.11 1.3 10.0 
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Table 6.  Sediment and P contributions from streambank erosion along Walnut Creek utilizing NRCS recession rates 
 
Yearly Sediment Contributions Yearly Phosphorus Contributions 
 
 Metric Tons   Tons  Metric Tons Tons 
Recession 
Rate (m/yr) 0.091 0.122 0.152 0.091 0.122 0.152 0.091 0.122 0.152 0.091 0.122 0.152 
Main Branch 2,934 3,933 4,900 3,234 4,335 5,402 1.70 2.28 2.84 1.88 2.52 3.14 
Trib 1-1  185 249 310 204 274 341 0.11 0.14 0.18 0.12 0.16 0.20 
Trib 1-2  271 363 452 298 400 498 0.16 0.21 0.26 0.17 0.23 0.29 
Trib 2   158 212 264 174 234 291 0.09 0.12 0.15 0.10 0.14 0.17 
Trib 3  197 264 329 217 291 363 0.11 0.15 0.19 0.13 0.17 0.21 
Trib 4  43 58 72 47 64 79 0.02 0.03 0.04 0.03 0.04 0.05 
Trib 5  881 1,181 1,471 971 1,301 1,621 0.51 0.69 0.85 0.56 0.76 0.94 
Trib 6   34 45 56 37 50 62 0.02 0.03 0.03 0.02 0.03 0.04 
Trib 7 778 1,043 1,300 858 1,150 1,432 0.45 0.61 0.75 0.50 0.67 0.83 
Trib 8  1,057 1,417 1,765 1,165 1,562 1,946 0.61 0.82 1.02 0.68 0.91 1.13 
                  
Totals 6,537 8,764 10,919 7,206 9,661 12,036 3.79 5.09 6.34 4.18 5.61 6.99 
 
 
Table 7.  Sediment and P contributions from streambank erosion along Squaw Creek utilizing NRCS recession rates   
 Yearly Sediment Contributions Yearly Phosphorus Contributions 
  Metric Tons   Tons  Metric Tons Tons 
Recession 
Rate (m/yr) 0.091 0.122 0.152 0.091 0.122 0.152 0.091 0.122 0.152 0.091 0.122 0.152 
Main Branch 1,022 1,370 1,707 1,126 1,510 1,881 0.59 0.80 0.99 0.65 0.88 1.09 
Trib 1 323 433 540 356 477 595 0.19 0.25 0.31 0.21 0.28 0.35 
Trib 2 34 45 56 37 50 62 0.02 0.03 0.03 0.02 0.03 0.04 
 
            
Totals 1,378 1,848 2,303 1,520 2,037 2,538 0.80 1.07 1.34 0.88 1.18 1.47 
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Table 8.  Yearly sediment export recorded at downstream gauging stations in 
Walnut and Squaw Creeks from 1996 - 2005.  Data for this table was obtained from 
Table 9 in Iowa Geological Survey Technical Information Series #49 (Schilling et. al. 
2006) 
 
Annual 
Sediment Load   
Annual 
Sediment Load  
Walnut  
Water 
Year 
Metric 
Tons Tons Squaw  
Water 
Year 
Metric 
Tons Tons 
 1996 12,977 14,304  1996 13,515 14,897 
 1997 8,527 9,399  1997 4,537 5,001 
 1998 16,622 18,322  1998 18,557 20,456 
 1999 7,967 8,782  1999 7,263 8,006 
 2000 2,634 2,903  2000 8,493 9,362 
 2001 5,767 6,357  2001 5,390 5,642 
 2002 3,362 3,705  2002 810 893 
 2003 8,064 8,889  2003 4,148 4,572 
 2004 3,927 4,328  2004 5,118 5,642 
 2005 6,172 6,803  2005 5,143 5,669 
Average 
 7,606 8,384 Average  7,297 8,044 
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Figures  
 
Figure 1.  Map of surveyed portion of Walnut Creek and the Neal Smith National 
Wildlife Refuge 
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Figure 2  Map of Walnut Creek and Squaw Creek Watersheds in Jasper County 
Iowa and all surveyed sections in each creek 
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Figure 3  Map of land use in the surveyed portion of the Walnut Creek Watershed 
with all surveyed sub-watersheds identified    
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Figure 4  Map of land use in the surveyed portion of Squaw Creek Watershed with 
all surveyed sub-watersheds identified 
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CHAPTER 3. Streambank sediment contribution estimates from 
a third order rural watershed in Central Iowa using three 
literature derived recession rates and pin measured values 
A paper to be submitted to the Journal of American Water Resources Association 
J.A. Palmer, R.C. Schultz, T.M. Isenhart and K.E. Schilling 
Introduction 
Many sections of streams and rivers in the Midwestern United States are in need 
of some form of restoration.  In Iowa alone over two hundred bodies of water have been 
identified as impaired on the state’s 303d list (IA DNR 2006).  As steps are taken to 
rehabilitate stream and river corridors it is important to have an understanding of what 
best management practices are suitable to address specific areas of need.  Sedimentation 
is the leading non-point pollution problem in Iowa streams and rivers and is responsible 
for many of the listings on the 303d list.  Sedimentation in surface waters has been shown 
to cover critical fish spawning habitat, disrupt filter feeding and decrease species richness 
(Gage et al. 2004, Lemly 1982).  In addition to biological impacts sedimentation also has 
economic effects.  Flood control and water storage impoundments quickly fill with 
sediment and are subject to expensive dredging projects that cost millions of dollars 
nationwide (Wesche and Isaak 1999).   
Phosphorus, a major contributor to eutrophication of surface waters, is primarily 
delivered to streams through overland flow and stream bank erosion.  Riparian soils in 
agriculture lands are often very high in phosphorus content due to accumulation of 
fertilizer and manure inputs (Zaimes and Schultz, 2002).  Soils within 60 meters of the 
stream are generally high in P and can be easily transported to surface waters (Gburek et 
al.2000).  It has been suggested that critical source areas like these should be primarily 
targeted with land use practices that minimize P losses (Sharpley et al. 2000).  Recent 
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studies in Iowa found that row crop fields and continuously grazed pastures contributed 
up to 17 times more phosphorus to streams than riparian forested areas (Zaimes et al. 
2004).  Managing riparian zones in a way that decreases sediment and phosphorus inputs 
to surface waters is a critical step toward improving the ecological, social and economic 
health of waterways.  While overland flow is known to contribute sediment to streams, 
sediment derived from streambank erosion has also been shown to contribute 
significantly to the sediment load in streams.  Up to 44% of the suspended sediment in 
the Blue Earth River has been attributed to streambank slumping (Sekely et al. 2002) and 
Schilling and Wolter (2000) estimated that 50% of the annual suspended sediment 
movement to Walnut Creek in south central Iowa was explained by streambank erosion.  
Zaimes et al. (2004) found that the installation of riparian forest buffers could reduce the 
sediment load to streams by up to 81% in comparison to row crop or grazed systems. 
These estimates of sediment contribution along with information pertaining to 
phosphorus content of near bank soils displays the need to take into account in-channel 
processes when developing a sediment budget or management plan for any given 
watershed.  Development of basin wide sediment budgets are an important step in 
assessing watershed health.  Determining the magnitude and location of sediment inputs 
on a watershed scale allows resource managers to target specific areas for conservation 
practices.    
This study was conducted in the Squaw Creek and Walnut Creek Watersheds 
located in central Iowa on the Southern Drift Plane.  Walnut Creek is a third order stream 
that drains into the Des Moines River just north of the Red Rock reservoir located in 
Northern Marion County in Central Iowa.  The adjacent watershed, Squaw Creek, is also 
a third order stream and drains into the Skunk River. This project provides a unique 
opportunity to study large-scale landscape restoration impacts on streams in that much of 
the length of Walnut Creek runs through the Neal Smith Wildlife Refuge (Figure 1) 
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which has been converting large areas of the watershed from grazed pasture and row crop 
cultivation into restored prairie and savanna while Squaw Creek watershed has remained 
dominated by row-crop agriculture.   
Utilizing data collected during a 2004 stream corridor assessment along Walnut 
and Squaw Creeks an estimate of the total length of severely eroding streambanks was 
compiled.  The information from this assessment provided the total eroding streambank 
length for Walnut and Squaw Creeks which was broken- down into riparian land use as 
described in Palmer et al. 2007.  In order to get a broad range of estimates for sediment 
and phosphorus contribution from streambank erosion three different sources for erosion 
rates were utilized in the development of a sediment budget for Walnut Creek and Squaw 
Creek.  The three rates used were obtained from, NRCS recession rates for severely to 
very severely eroding streambanks, erosion pin measured recession rates from specific 
land uses in central Iowa collected during and Iowa State University streambank erosion 
project (Zaimes et. al. 2004) and six year cross sectional recession rates obtained from 
streambanks along the main channel of Walnut Creek during the Walnut Creek 
Watershed Water Quality Monitoring Project.  The three methods estimating sediment 
from streambank erosion were compared sediment values obtained from pin measured 
recession rates along streambanks in three different land uses in Walnut Creek over a two 
year period.  Results from erosion pin monitoring were used to develop a comparison of 
erosion occurring along the major land uses in the Walnut Creek Watershed.  To further 
refine the comparison of the effects of vegetation communities on streambank erosion 
ground water fluctuations were measured along the riparian corridor under each 
vegetation type monitored for erosion.  Sediment contribution values obtained using pin 
measured recession rates and the three other methods were compared to sediment export 
values in each watershed obtained from the Walnut Creek Watershed Monitoring Project 
which was conducted by the United States Geological Survey and Iowa Department of 
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Natural Resources from 1995 to 2005 (Schilling et. al 2006).  The study monitored 
changes in water quality, including suspended sediment loads and stream discharge rates 
in Walnut and Squaw Creeks.  The results of that project provided crucial information 
which was utilized in this study. 
          
  Methods 
Streambank Erosion Pin and Groundwater Well Installation: 
 In order to develop a comparison of streambank recession rates by land use eight 
402 meter (1/4 mile) stream segments were selected from the riparian land use data set 
developed in a stream corridor assessment of Walnut Creek and Squaw Creek 
Watersheds (palmer et al. 2007).  Sites were selected from the following land use 
classifications: cool-season grass un-grazed, cool-season grass grazed, re-established 
prairie, and riparian woodland.  The sites were selected for installation of erosion-pin 
plots to assess recession rates throughout the Walnut Creek Watershed.  A criterion for 
selection was that the 402 meter stream lengths have the same land use on both sides of 
stream to a width of at least 40 m, matching the minimum width recommended for 
installation of a riparian forest buffer (USDA-NRCS 1997).  Identification of possible 
sites was done using the riparian land use data set described in Palmer et al. (2007).  Due 
to lack of land owner cooperation no sites were selected in the Squaw Creek Watershed 
and all pin measurement data were gathered in the Walnut Creek Watershed.  Sections of 
stream that did not meet the minimum width of 40 meters were classified as the major 
land use type beyond the “buffer” region (usually row crop agriculture).  In cases where 
the stream length was longer than the 402 m required for particular classification for 
longer then 402 m, the middle 402 m of that section was chosen as the treatment section. 
) Only two sites were available for each of the riparian forest, grazed pasture, and cool 
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season grass treatments.  More than two warm season grass sites were available in the 
watershed so the two sites selected were taken from the middle of the two longest 
continuous sections of warm season grass along the main channel of Walnut Creek.  All 
but two sites were located along the main channel of Walnut Creek, one cool season grass 
site and one cool season grazed pasture site was located along the bottom section of 
tributary 1-1 in the northern section of the watershed Figure 1   .   
A subset of eroding streambanks equal to at least 20%  of the total eroding stream 
length from within each 402 meter site were randomly selected.  To accomplish this, the 
total length of severely eroding streambank from within each 402 meter section was 
summed, and each eroding bank was assigned a number (1 – X).  Numbers were selected 
at random, the corresponding eroding banks were selected and their length summed until 
at least 20% of the total eroding length for the site was reached.  The same selection 
process was repeated on each of the eight land use sites.  Each selected eroding 
streambank (erosion plot) received an erosion-pin treatment.  A total of 20 severely 
eroding streambanks were selected for erosion pin treatment.  The total number of 
erosion pins installed along each streambank is displayed in table 13 and the locations of 
all measured streambanks are found in Figures 2, 3 and 4.   
Erosion pins were placed along the bank face in a grid of two rows spaced 
vertically at 1/3 and 2/3 bank height and horizontally one meter apart along the entire 
length of the selected eroding bank (Figure 5).  Erosion pins were 762 mm long and 6.2 
mm in diameter, the same size as pins that were used successfully in recent studies within 
the region (Zaimes et al. 2004).  Erosion pins were measured three times a year, April-
May, August-September, and late November-December.  Erosion was quantified by 
measuring the change in exposed pin length between readings (Figure 6).  Positive pin 
readings (lengthening of exposed pin) were considered erosion; negative pin readings 
(shortening of exposed pin) were considered deposition.  The timing of pin measurements 
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was set up to catch seasonal differences in recession rates.  The April-May measurement 
was designed to measure bank movement that occurred during the freeze thaw cycles of 
the winter months and water movement from snow melt.  August-September pin readings 
were set up to catch the erosion from the major rain events of the year which typically 
occur from May to June but can occur in large convection storms almost anytime 
throughout the summer months.  The late November-December readings were designed 
to catch erosion occurring before the freeze thaw processes commence over the winter 
months.   
At each of the eight 402 meter sites three ground water monitoring wells were 
installed at 1, 18 and 36 m along a transect perpendicular to the streambank at the center 
of an eroding length which contained a pin plot (Figure 7).   The wells were equipped 
with Multi-parameter Troll 9000 pressure transducers (IN-SITU INC. Fort Collins, CO.) 
that monitor ground water depths in the riparian corridor at one hour intervals.  
A cross-section of the stream that extend along the perpendicular well transect 
was established each well installation site to monitor changes in channel width, depth and 
bank angles within the stream system.  At each cross-section the depth of the channel, 
height and angles of streambanks, wetted perimeter and width of channel at the top of the 
streambanks were collected using DeWalt DW096 auto level surveying equipment.  
Cross section measurements were conducted in the fall of 2005 and 2006. 
Soil Collection and Analysis:   
Bulk density sampling was conducted by collecting a pair of soil samples one at 
1/3 and 2/3 bank height on in the center each of the eroding bank lengths selected for 
erosion pin treatment.  Soil was collected using a 2.5 cm diameter, 38 cm long soil probe.  
Samples were dried at 105°C for 24 hours and then weighed to determine the dry soil 
weight of each sample.  Bulk density was determined by using the following calculation:  
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Equation 1 
Bulk density = dry soil weight / volume of soil core. 
Particle size analysis, total phosphorus, total nitrogen and total carbon tests were 
conducted on soil samples collected during the ground water monitoring well installation.  
Soil samples were collected during well excavation from each of the three geologic 
members (Camp Creek, Roberts Creek and Gunder Member) encountered.  Total 
phosphorus was determined using an alkaline oxidation method developed by Dick and 
Tabatabai (1977).  Particle size analysis was conducted using the pipette method as 
described by Gee and Bauder (1986).  The soil samples for the total carbon and nitrogen 
test were sent to a lab on the Iowa State University campus for dry combustion on a 
Thermo Finnegan Flash Analyzes. 
Quantification of Sediment and Phosphorus Contribution from 
Streambank Erosion: 
In order to get a broad range of estimates for sediment and phosphorus 
contribution from streambank erosion three different sources of recession rate estimates 
were compared to the erosion pin rates from the plots in the Walnut Creek watershed and 
two in Squaw Creek. Heights and lengths acquired during the 2004 stream survey, the 
total surface area of severely to very severely eroding streambanks were used to quantify 
total eroding bank areas for each watershed.    The first set of values used in both 
watersheds were those published by the USDA NRCS. Banks were assumed to have one 
of the three following recession rates: 9.1 cm/year, 12.2 cm/year, or 15.2 cm/year 
(USDA-NRCS 1998).  .  Average bulk density (kg/m³) and phosphorus content (g/kg) 
were used in the following calculations to quantify sediment and P losses from 
streambank erosion: 
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Equation 2 
[(Bank height (m) * Bank length (m)) * Recession rate (m/yr)] * Bulk density 
(kg/m³) = Kg sediment lost per year 
Equation 3 
[(Result of equation 2) * P content of soil (g/kg)] * 1000 = Kg of P lost per year 
Equations two and three were applied to all eroding banks identified in both 
watersheds resulting in yearly estimates of both sediment and phosphorus contributions 
from streambank erosion. 
The second method used in both watersheds utilized pin measured recession rates 
obtained from a streambank study on four different land uses in central Iowa (Zaimes et. 
al. 2004).  The four different land uses were row-crop, grazed pasture, riparian forest and 
un-grazed grass land.  Recession rates used were averages of three years of measurements 
(Table 1).  The study used the same NRCS criteria for identifying severe to very-severely 
eroding streambanks; making it possible to apply the recession rates to banks along 
similar land uses in the Walnut Creek and Squaw Creek watersheds.  For the eroding 
streambanks in the grass-tree mix land use a value equal to the average of the grass and 
tree recession rates in the central Iowa study was assumed (Table 1).  Calculations for 
total sediment and phosphorus losses were conducted using equations two and three as 
described earlier in the NRCS recession rate method.    
The third method of estimating streambank sediment and phosphorus 
contributions was applied only to the Walnut Creek watershed.  This method utilized 
cross section data collected by the USGS-DNR during the Walnut Creek Watershed 
Restoration and Water Quality Monitoring Project (Schilling and Wolter 2000).  Cross 
sections established in 1998 during a stream mapping study were re-measured in 2004.   
Data from the cross sections yielded recession rates for the channel.  Since the initial 
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cross sections were not set up on eroding streambanks and were placed systematically 
along the channel without regard to the land use or stream condition the average 
recession rate was assumed to represent the recession rate of the entire surface area of the 
streambanks along the channel, regardless of adjacent land use.  Recession rates from this 
project were not used on Squaw Creek since the measurements were done only on 
Walnut Creek’s main branch and were assumed to represent only those locations.  The 
main channel was assigned an average height that corresponded to those collected during 
the 2004 streambank survey.  The average height and total bank length of the main 
stream channel was used in conjunction with the average cross sectional recession rate in 
equations two and three to estimate sediment and phosphorus losses along Walnut Creek.   
The three previous methods were compared to the recession rates measured in the 
erosion pin plots along Walnut Creek described in this study.  Recession rates captured 
by erosion pins along the monitored land use categories in Walnut Creek were applied to 
the streambank surface area information collected during the 2004 stream survey to 
identify streambank sediment and phosphorus losses by land use.  Recession rates 
obtained during the two year period were not applied to eroding streambanks along 
Squaw Creek due to the lack of land use variability in the watershed, almost entirely row 
crop agriculture.   Erosion data collected in the cool season and warm season grass sites 
were combined for sediment and phosphorus contribution estimates since it was 
determined that most grasses immediately adjacent to the streambank were cool season 
species.  For banks that fell into the grass-tree mix category a recession value 
representing the average rate of grass banks and riparian forest banks was assumed.  
Calculations were done using equations two and three as previously noted.  The 
calculations were performed for four different time periods, one for the whole length of 
the study, one for the time period from June 2005-December 2006 and one for the period 
from December 2006 through May 2007.  The fourth time period was for erosion that 
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occurred during a single storm event in April of 2007.  Erosion values from this storm 
were separated from the five month data to show the impact of a single channel forming 
discharge within this system.  The term channel forming discharge is used here to 
represent a bank full discharge.  It is difficult to determine the stream stage (depth of 
flow) needed to be considered a channel forming discharge in an incised system like 
Walnut Creek but it can be assumed that a bankfull discharge is a channel forming event.  
It is likely that flows that do not hit bank full may also be considered channel forming 
within this system but for the purposes of this investigation a channel forming discharge 
was considered to be one at bank full level.   Data was split up into un-equal lengths of 
time due to the weather patterns that prevailed during the course of the study.  During the 
first year and a half of the study precipitation amounts were below normal and antecedent 
soil moisture conditions were low, but then during the last five months of the study 
antecedent moisture levels were high and precipitation was above normal so data is 
meant to represent conditions in relatively dry vs. wet periods. 
Erosion pin data collected from each land use type, riparian forest, grazed pasture 
and grass-land (cool season and warm season grass combination) were compared for 
differences in recession rates.  Data from the last five month period and the single storm 
event of April 2007 were analyzed using a One Way ANOVA and Student’s T-Test in 
JMP Statistical Discovery 6.0 from SAS.  Comparisons for all pairs during both 
measurement periods were preformed using the Turkey-Kramer Honestly Significant 
Difference test.  
Results and Discussion 
Soil Data:  
Soil data represents only the samples taken immediately adjacent to or on the 
streambank as these are the only samples pertinent to this portion of the study.  Data from 
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bulk density sampling indicated that bulk densities were fairly uniform throughout the 
watershed.  Table 2 shows that the average bulk density of streambank soil in Walnut 
Creek was 1.33 metric tons per m³; this information was used in producing estimates for 
sediment contributions from Walnuts Creek and Squaw Creek.  Data from the texture 
analysis of bank soils showed that streambank soils throughout the Walnut Creek 
watershed are predominantly silt loam in textural class for all three strata.    Due to 
uneven sampling no statistics were run on the soil phosphorus data set (only one riparian 
forest site and one grazed pasture site were sampled while all four grass sites were 
sampled).  Since no statistical differences could be obtained the overall average of 580.5 
mg/kg of P was the value used in estimating phosphorus contributions to the stream 
instead of values for individual land use types 
Streambank Erosion Contributions Utilizing NRCS Recession Rates:   
Estimates of sediment and phosphorus contributions to Walnut Creek and Squaw 
Creek from streambank erosion were made using three recession rates that apply to 
severely through very severely eroding streambanks, 9.1 cm yr-1, 12.2 cm yr-1, or 15.2 cm 
yr-1 (USDA-NRCS 1998).  Total sediment and phosphorus contributions to Walnut Creek 
and Squaw Creek can be found in Tables 3 and 4.  Since all land uses were given the 
same recession values trends in sediment contribution values followed those of total 
eroding lengths, with the grass tree mix and riparian forest land uses contributing the 
most sediment due to their longer overall eroding length.   Sediment contribution from 
the main channels of Walnut and Squaw Creek were compared.  Contributions from 
streambank erosion along the main channel of Walnut Creek range from 3,000 to 4,900 
metric tons per year (3,200 tons to 5,400 tons per year) while along the main channel of 
Squaw Creek between 1,000 and 1,700 metric tons per year (1,100 and 1,900 tons per 
year) of sediment is estimated to enter the channel.  Streambank derived sediment values 
  
 
56 
in Walnut Creek are around three times larger than those seen in Squaw Creek.  The main 
reason for these differences is explained by the overall length of eroding streambank 
found in the two watersheds.  A total of 6,255 m of severely to very-severely eroding 
streambank was identified along the main channel of Walnut Creek while only 2,444 m 
was found along the main channel of Squaw Creek.  Since the NRCS method utilized 
here does not take into account any possible differences in land use all severely eroding 
streambanks are considered equal.  This leads to the situation seen here where the only 
factor affecting the total streambank sediment contribution for each watershed is the total 
severe to very-severely eroding bank length and bank heights.       
Data in Table 5, which was obtained from the Walnut Creek Watershed 
Restoration and Water Quality Monitoring Projects Final Report (Schilling et. al. 2006), 
shows that the 10 year average sediment discharge for Walnut Creek was 7,600 metric 
tons per year and 7,300 metric tons per year for Squaw Creek (8,380 and 8,044  tons 
respectively).  Based on the ten years of monitoring it can be said that sediment export in 
these two watersheds is essentially the same (Schilling et.al. 2006).  Sediment inputs via 
severe/ very severe streambank erosion (using NRCS values) as a percentage of average 
yearly sediment export for Squaw Creek totaled between 14 and 23 percent for the 
surveyed portion of the main channel.  Walnut Creek’s main channel contributions 
ranged from 39 to 64 percent of the average yearly export.  It is likely that the upper 
range of the NRCS values for recession rates over estimates the percentage of total 
average sediment export.  It can be assumed that years with discharge events capable of 
creating recession values on the upper end of the scale would also have above average 
total sediment export and therefore the percent contribution by streambank erosion would 
not be as large.         
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Sediment Contribution Estimates from Central Iowa recession rates 
Iowa State University: 
Recession rates for land uses shown in Table 1 (Zaimes et al. 2004) were used to 
calculate sediment and phosphorus contributions from streambank erosion.  Sediment 
contributions in Squaw Creek, as shown in Table 6, differed very little from those 
calculated using the upper end of the NRCS numbers; they were just less than 250 metric 
tons larger.  Sediment contribution was estimated to be 1,945 metric tons (2,143 tons) for 
the main stem and 2,393 metric tons (2,637 tons) for the total length surveyed or 26% and 
32% of average annual sediment contribution.  Sediment contribution estimates for 
Walnut Creek displayed in Table 6 showed major differences from those obtained with 
NRCS numbers.  Using the Zaimes et al. (2004) recession rates along the main channel of 
Walnut Creek yielded a sediment contribution value of 2,060 metric tons (2,273 tons) of 
sediment which is between 900 and 2,700 metric tons of sediment less than using the 
lower and upper recession rates from the NRCS.  This estimate of sediment contribution 
showed streambank erosion from Walnut Creek’s main channel contributes 27% of the 
10 year average annual sediment discharge from the surveyed portion of the watershed 
(7600 metric tons, Schilling et al. 2006). Using the Zaimes et al. 2004 numbers for each 
watershed brought the sediment contributions from the main channels within 136 metric 
tons of each other (2,060 metric tons for Walnut Creek and 1,945 metric tons for Squaw 
Creek).  Despite Walnut Creek’s main channel containing 3,800 more meters of severe 
erosion the total sediment contribution was nearly equal to that from Squaw Creek.  This 
is due to the differences in riparian land use and the variation in recession values for 
different riparian land use categories.  Squaw Creek contains far more row-crop 
agriculture than does Walnut Creek (Palmer et. al. 2007).  The higher recession rate 
attributed to streambanks adjacent to row-crop agriculture caused the total sediment 
contribution estimate in Squaw Creek to rise.  Trends seen in total sediment contribution 
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utilizing Using the Zaimes et al. (2004) recession rates may help explain the similarities 
in total average sediment export from the two watersheds (7,600 metric tons per year for 
Walnut Creek and 7,300 metric tons per year for Squaw Creek, Schilling et al. 2006).  
 
Six year cross section data: 
Streambank erosion estimates utilizing cross sectional data collected over a six 
year period along the main channel of Walnut Creek were used to obtain estimates of 
sediment contribution from channel erosion to the overall watershed’s sediment budget.  
The cross section estimates, which are based solely on total bank surface area in the main 
channel system and not eroding bank lengths, provide a sediment contribution estimate of 
1,336 metric tons (1,473 tons), only 18% of the average annual sediment discharge from 
the surveyed portion of the watershed.    
Walnut Creek Pin Measured Erosion and Sediment Contribution:   
Erosion pin measurement data collected over a two year period (June, 2005 – 
May, 2007) was used in conjunction with the streambank survey information to come up 
with the sediment and phosphorus contribution estimates found in Table (8).  Over the 
two year study period 4,948 metric tons of sediment (5,454 tons) is estimated to have 
entered the stream via streambank erosion from four of the five major land use types 
within the watershed, though 97% of that contribution occurred over a five month period 
at the end of the study.  The fifth major land use category, row-crop agriculture, was not 
included since erosion plots were not installed along row-cropped banks due to a lack of 
land owner cooperation in the row cropped sections of the watershed.  Per-pin erosion 
rates for grassland, grazed pasture, riparian forest and the grass-tree mix are presented in 
Table (7).  During the two year time period phosphorus from bank derived sediment 
totaled nearly 2.9 metric tons (3.2 tons).  About 60% of the total sediment and 
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phosphorus (2,920 and 1.7 metric tons) was derived from streambanks along Walnut’s 
main channel (Table 8) which, on average, has taller banks (therefore a larger surface 
area) then those found along the tributaries.     
Data for the period from June 2005 through mid December 2006 (which was 
marked by relatively dry conditions) showed little in the way of bank erosion.  Average 
per-pin recession observed in the forest and grazed pasture plots had negative values 
(deposition), for estimate purposes these banks were assigned an erosion rate value of 
zero.  Negative values observed were due largely to erosion activity on the upper portion 
of the bank and deposition along the lower portion of the bank.  Granular deposits from 
friable bank soil, commonly found in conjunction with freeze thaw processes (Lawler et 
al. 1999), were observed along the bottom row of pins in the spring of 2006.  This 
deposition was the result of erosion from freeze thaw processes over the winter of 2005-
2006.  This fine granular soil, which could easily be washed away by spring flows, sat 
untouched, completely covering the bottom row of pins in many locations until the flow 
events of the following spring (spring 2007). 
Data from the four grass sites yielded a per-pin recession value of 1.7 cm (Table 
7).  Recession values seen on the grassland sites were essentially the same as those seen 
on all other sites.  Field observations indicated that the deposition around the toe of most 
grass land streambanks was below the level of the bottom row of pins and not as much 
deposition was measured.  The lack of deposition around the bottom pins was due to the 
vertical nature of the streambanks and likely led to the positive per-pin measurements in 
the data set.   Per-pin recession values for the grass-tree mix banks were estimated to be 
equal to a value halfway between those of grass and forest banks (0.85 cm).  This 
assumption was made because the streambanks observed in these sections of stream 
appeared to take on characteristics of both grass land and riparian forest banks.  As the 
stream channel passes through small alternating patches of tree and grass dominated 
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riparian corridor the banks moved from fully vegetated in the grass sections to sparsely 
vegetated in the forest sections.  This difference was due largely to the lack of light 
penetration through the tree canopy and the inability of grasses to colonize the 
streambanks in those locations (Davies-Colley 1997, Trimble 2004).  Due to the short 
lengths of these patches it was assumed that these sections of stream likely shared 
characteristics of both land uses and therefore was given a recession value which 
represented both land uses. 
During the first eighteen months of the survey it is estimated that only about 146 
metric tons (161 tons) of sediment and about 80 kg of phosphorus entered the stream via 
bank erosion (Table 9).  Only two percent of the average annual sediment discharge, 
7,606 metric tons (Schilling et al. 2006), was bank derived over the first eighteen months 
of the study.  It is likely that during this time period total sediment export from the 
watershed was lower than the 10 year average displayed on table 5.  When estimated 
sediment contribution values from this time period are compared with sediment discharge 
from the year 2000 (the lowest annual sediment export recorded by Schilling et al. 2006) 
the percentage of total annual sediment export which is bank derived was predicted to be 
around 6%, still a very small percentage.      
The final five months of the pin study, which was marked by average 
precipitation and higher overall antecedent moisture levels within the watershed, yielded 
much higher per-pin recession rates.  Low antecedent soil conditions in the spring of 
2006 likely led to a lack of storm flows in Walnut Creek during this traditional high flow 
season.  This low antecedent soil condition in the watershed facilitated the storage of 
more precipitation which led to a lack of runoff and was likely caused by lack of 
precipitation in the summer and fall of 2005. Precipitation in the fall of 2005 was much 
lower (240 mm lower) than seen over the same time period in 2006, 178mm and 418mm 
respectively.  Schilling et al. (2006) reported that stream flow ceased in September of 
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2005 for the first time in a 10 year study period at the upstream gauging station (located 
at the start of the 2nd order portion of Walnut’s main branch) and indicated that a possible 
explanation for this occurrence were the exceedingly dry conditions that persisted in the 
late summer-fall of 2005.  A comparison of total cumulative precipitation from January 1 
through May 1 of 2006 and 2007 showed that amounts were essentially the same 252 and 
258 mm.  Data for mean daily groundwater depth measurements obtained from a well 
adjacent to the streambank on the southern cool season grass site (Figure 1) were plotted 
against the cumulative precipitation for 2006 and 2007 through May first of each year 
(Figure 8).  Information in the graphs shows that similar precipitation trends in the 
springs of 2006 and 2007 lead to completely different flow regimes.  The difference in 
flows between the two years is likely due to the initial groundwater depths and low 
antecedent moisture conditions at the beginning of the spring.  Schilling (et. al. 2006) 
reported that most high flow events occur in Walnut Creek during May and June when 
antecedent soil moisture is high and more rain fall occurs.  The drastic difference in 
precipitation observed in the fall of 2005 and 2006 likely lead to the differences seen in 
initial groundwater levels in the spring of 2006 and 2007 (Figure 9).  The combination of 
Figures 8 and 9 shows that rainfall which occurred during the spring of 2006 was 
absorbed by the relatively dry watershed and few high discharge events occurred whereas 
precipitation that fell in the spring of 2007 lead to more runoff (higher discharge events) 
as the watershed could not absorb and retain as much moisture. The rapid spike in 
groundwater recharge in February 2007 was due to melting of the winter snow and 
associated rainfall during that time period.  Graphs used to depict trends in flow and 
groundwater levels were developed using data obtained from wells in the middle of the 
study area along Walnut Creek, other wells both up and down stream showed similar 
trends.  It can be said that the information displayed here accurately represents the trends 
throughout the stream corridor.      
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Over the five month measurement period the highest per-pin recession value was 
observed along the riparian forest plots, 19.1 cm, followed by grass with a value of 11.4 
cm and finally grazed pasture with 9.7 cm (Table 9). The 19.1 cm value observed in the 
riparian woods sites exceeded the high end of the NRCS recession rate values that 
correspond to severely eroding streambanks (15.2 cm/ yr-1) by nearly 4 cm.  Total 
streambank sediment loss for the five month period was estimated to be 4,803 metric tons 
(5,294 tons) or 97% of the two year streambank erosion total of 4,948 metric tons (Table 
10).  Phosphorus contributions were almost 2.8 metric tons (3.1 tons).  Streambank 
sediment contribution estimates over this five month period equaled 63% of the 
watersheds average annual sediment discharge of 7,608 metric tons, or 8,386 tons 
(Schilling et al. 2006).  Comparisons of per-pin recession rates between land use 
classifications showed that the rate seen in the riparian forest was significantly higher 
than either grassland or grazed pasture (p-value 0.001).  No statistical difference was 
found between grassland and grazed pasture treatments (p-value 0.28).  Rolling the two 
year study period together yielded a recession rate of 9.8 cm/ yr-1 for forested banks along 
Walnut Creek.  
The recession rates for riparian forests in this study are nearly double the rates 
reported by Zaimes et. al. (2006) who reported recession rates of around 5 cm/ yr-1 along 
riparian forest buffers in the Bear Creek Watershed in central Iowa over a four year 
period.  Differences in recession values reported between the Bear Creek sites and the 
sites studied along Walnut Creek are likely site specific.  The riparian forest buffers 
monitored by Zaimes et al. (2006) had lower bank heights and younger trees than the 
Walnut Creek sites, therefore more light penetrated to the banks themselves which 
facilitated the growth of grass along the streambanks of Bear Creek.  The lower bank 
heights and soil cover provided by grasses growing along the banks of Bear Creek likely 
led to the lower recession rates observed.  The same study reported that continuously 
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grazed pastures had an average recession rate of nearly 15 cm/ yr-1 compared with 4.9 
cm/ yr-1 in the Walnut Creek watershed.   Differences observed in erosion rates between 
riparian forest and grazed pasture sites in Walnut Creek were unexpected since the 
literature strongly supports that grazing within the riparian corridor causes an increase in 
stream sedimentation and streambank erosion (Zaimes et al. 2006,2004, Trimble & 
Mendel 1995, Schumm et al. 1984).  The apparent cause of the lower than expected 
erosion rates observed in grazed pasture sites deals with the initial set up of the pin plots.  
Subsequent to the initial installation it was determined that pins would be installed at 
exactly 1/3 and 2/3 bank height regardless of onsite conditions.  The implications of this 
decision played out as pin measurements commenced.  The row of pins installed at 1/3 
bank height were, on three out of five grazed pasture eroding banks, located just above 
old failure blocks on the toe of the bank (Figure 10).  Field observations over the course 
of the investigation showed that in many cases the bottom row of pins was buried due to 
trampling from cattle traffic and soil deposition on the top of failure blocks.  During the 
first 18 months of the project these variables had little impact on the overall rates 
observed as little activity occurred in the watershed.  During the last 5 months of activity 
it was observed that large sections of the bank toe (composed mostly of old failure 
blocks) were being stripped off the sites by fluvial activity which occurred below the 
level of the bottom row of erosion pins (Figure 10).  The pin placement along these sites 
did not allow for quantitative measurements of erosion occurring along the lower section 
of the streambanks.  Photos in Figure 10 show the removal of toe material located just 
below the bottom row of pins after a single storm event on April 24-25, 2007.  Data 
collection was affected due to the initial placement of erosion pins.  The conclusion is 
that the initial set up should have been altered in one of two ways; one, the placement of 
the bottom rows should have been lowered slightly to accommodate site conditions, or 
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two, the pin grid should have included a third row of pins, one at 1/4, 1/2, and 3/4 bank 
height, to more accurately capture movement of soil along the bank face.                             
During the final five month measurement period streambank erosion from a single 
storm event was captured.  The storm event dropped 73.8 mm of precipitation on the 
Walnut Creek Watershed over a 48 hour period (April, 24 – 25 2007); the storm had a 
return period of less than two years.  Data recorded in a groundwater monitoring well 
adjacent to the stream (< 1 m from the bank) showed that discharge from this storm event 
came within at least 30 cm of the bank top (<1 foot) along the streambanks of grazed 
pasture 2 (located near the bottom of the watershed).  Ground water levels observed in 
the wells located adjacent to the streambanks along the riparian corridor were used to 
represent stream stage in Walnut Creek.  This assumption is validated by the work done 
by Schilling et al. (2005), which showed that water levels in wells located close to 
Walnut Creek (≤1.6 meters) mimicked stream stage recorded on site.   Visual 
observations of trapped debris in over hanging vegetation and roots along other sections 
in the lower portion of the watershed indicated that flows reached near bankfull 
discharge.  A bankfull flow event is considered a channel forming discharge and is 
expected to have a reoccurrence interval of 1.5 to 3 years (Leopold 1994, Dury 1973, and 
Hey 1975).  A flow event of similar magnitude occurred in the spring of 2005 shortly 
before erosion pin installation commenced.  Neither this storm event nor the 2007 storm 
event breached the channel and entered the riparian corridor; this observation coupled 
with the incised condition of the stream indicates that the channel full width likely does 
not represent a bank full flow height.  It is likely that a flow event which reaches channel 
full condition in this stream system exceeds that of a true healthy bank full discharge.  It 
is therefore likely that the flow event in April of 2007 exceeded the bank full (channel 
forming) discharge level, however given the return period of the storm event it is likely 
that such events occur with the frequency of a channel forming discharge (1.2 to 3 years) 
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(FISRWG 1998).  Streambank erosion rates observed during the 2007 storm event made 
up just over 50% of the five month total in each land use (grazed pasture, 6.1 cm, grass, 
5.3 cm and riparian woodland, 9.8 cm).  Bank erosion from this storm event contributed 
an estimated 2,580 metric tons of sediment (2,844 tons) to the stream (Table 11), 54% of 
the five month total estimated sediment contribution from streambank erosion and 47% 
of the two year total.  This single storm event contributed an estimated 34% of the 
watershed’s average annual sediment discharge of 7,608 metric tons, or 8,386 tons 
(Schilling et al. 2006).  Phosphorus contribution estimates from this one storm event 
totaled 1.5 metric tons (1.65 tons).   
Sediment contribution recorded on a single eroding streambank located in the 
southern most riparian woods site during this storm event totaled over 19 metric tons.  
The streambank was 29 meters long (95 ft) and averaged just over 3 meters in height 
(10ft) and had an average recession rate of 15.3 cm/m² for this one storm event.  This 
streambank was typical in size for the lower sections of Walnut Creek. Using a 13% 
sediment delivery rate, appropriate for watersheds of equivalent size on the Southern 
Iowa Drift Plane (NRCS 1998) it was determined that this one streambank contributed as 
much sediment as 14 hectares of cropland in this watershed would contribute over an 
entire year given that the field was not loosing more than 5 tons/acre/yr-1.   
Information from this storm event displayed the high temporal and spatial 
variability often cited in streambank erosion studies (Lawler et.al. 1999, Zaimes et.al. 
2004, 2006).  Mean bank recession rates reported for the storm event failed to display the 
spatial variability associated with on site erosion that is represented in the standard 
deviations of the data set (Table12).  Lawler et.al. (1999) reported similar trends in 
variability for streambanks along the rivers Swale, Ouse and Ure in northern England and 
stated that the variation associated with pin measured erosion can weaken confidence in 
quoted recession rates.  The variation observed in the erosion values (Table 12), is a 
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function of the mechanisms driving the erosion.  Erosion observed along individual 
streambanks is not uniform in nature.  Localized cantilever and rotational failures along 
the streambank face were observed to cause major fluctuations in pin measurement 
values, which are not well represented by the mean alone.   
The variation in erosion along eroding streambank faces observed during this 
study validated the initial horizontal pin-plot design.  Arranging pin-plots so that they 
covered the entire length the individual eroding bank facilitated the capture of erosion 
from localized failures.  Spacing pins as seen in Figure 5 with pin rows set up vertically 
with one pin located directly above the other also helped to capture the spatial variability.  
The photo in Figure 11 shows a failure block two meters in width which fell on top of a 
pin on the bottom row of pins.  Had the spacing been setup with alternating top and 
bottom pins the failure block may have fallen from the top of the bank covering a pin on 
the bottom of the bank, this would have shown deposition and no erosion in the 
measurements.  It is important that we capture erosion processes both horizontally and 
vertically along the bank face.  Processes driving streambank erosion are numerous and 
complicated, predicting the location of future bank failures, especially along long 
erosional surfaces, is difficult if not impossible.  Placing an erosion pin grid over the 
entire eroding streambank length provides a more accurate representation of sediment 
losses from the system.         
Conclusions 
Sediment contribution via streambank erosion is highly variable both temporally 
and spatially.  Temporal variation in streambank erosion rates seen in this study were 
driven largely by climatic trends in the area during the study period.  As with any fluvial 
erosion process, streambank erosion varies with local precipitation patterns.  Due to the 
extreme variability in precipitation events from year to year in any given location it is 
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vital that any streambank erosion study covers not only a broad array of land uses and 
stream types but also takes placed over a long period of time.  Recession rates can 
fluctuate tremendously and any attempt to quantify average streambank recession rates 
must take place over multiple seasons.  Another trend highlighted by this work is that 
spatial variability in geomorphic conditions can have a great influence on the location 
and rate of streambank erosion.  While local stream side vegetation has been shown to 
impact streambank erosion rates (Mamo and Bubenzer, 2001, Simon and Collison, 2002, 
Thorne, 1990, Zaimes et. al. 2004, 2006)  it is also clear that channel conditions (stage of 
channel evolution) also has great impact, and may even be more important in some 
situations.   
As social and economic trends change and more value is place on water quality it 
will be imperative that natural resource managers have accurate information about critical 
source areas such as streambanks.  As more emphasis is placed on clean water 
implementation of federally mandated programs such as the Total Maximum Daily Load 
(TMDL) program will become more prevalent and researchers will find greater need for 
locally calibrated estimation tools.  Research conducted in this study and others should be 
followed by a larger scale effort to develop regional numeric recession values for visually 
assessed streambank conditions.  With the differences seen in the four sources of 
recession values used in this study it is apparent that refinements must be made.  The four 
sources of recession rates were obtained from various levels of refinement, the NRCS 
numbers are a more nationally based approach for streambanks across many land types, 
the Zaimes et al. 2006 numbers are land use based and from Iowa but taken from several 
different eco-regions, and the values associated with the cross sections in Walnut Creek 
were of a totally different method.  The recession values derived for Walnut Creek most 
accurately represent the conditions and mechanisms at play within the watershed.  It is 
very likely that as continued monitoring of the sites commences that numbers derived in 
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this study will be better suited for use in similar sized watersheds in the southern Iowa 
Drift Plane eco-region than any of the other sources available.  Due to the variability in 
regional conditions that drive streambank erosion processes it is imperative that 
regionally calibrated recession rates be developed.  The development of regionally 
calibrated methods will help resource managers’ assess large areas of stream and to 
identify critical source areas.  Any work which facilitates the identification of critical 
source areas should be given special attention as these tools will be necessary if we are to 
efficiently utilize the ever dwindling funds allocated to natural resources.  
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Tables 
 
 
 
Table 1.  Recession rates from central Iowa pin study (Zaimes et. al. 2004)  
  
Recession rate (meters per yr-1) 
Riparian woods 0.047 
Grass buffer 0.104 
Grass tree mix* 0.076* 
Grazed pasture 0.138 
Row crop 0.24 
  
 
1
                                                 
1
 * value obtained from the mean of the grass buffer and riparian woods recession values 
 
 
 
 
 
 
Table 2.   Average sand silt and clay percentages, bulk density, total phosphorus (P), 
nitrogen (N) and carbon (C) by land use for Walnut Creek 
 
 
Streambank Soil Properties 
 
Land Use 
% 
Sand 
% 
Silt  
% 
Clay 
Metric 
Tons/m³ Lbs/Ft³ 
P 
(mg/kg) 
N 
(%) 
C 
(%) C:N 
Grassland 15.3 59.2 25.5 1.3 82.2 503.0 0.09 1.0 9.7 
Riparian 
Forest  11.2 61.1 27.7 1.3 83.3 694.7 0.13 1.6 10.0 
Grazed 
Pasture 18.9 57.9 23.2 1.3 83.9 638.2 0.11 1.2 10.2 
Overall 
Average 15.1 59.4 25.5 1.3 82.7 580.5 0.11 1.3 10.0 
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Table 3.  Sediment and P contributions from streambank erosion along Walnut Creek utilizing NRCS recession rates 
 
Yearly Sediment Contributions Yearly Phosphorus Contributions 
 
 Metric Tons   Tons  Metric Tons Tons 
Recession 
Rate (m/yr) 0.091 0.122 0.152 0.091 0.122 0.152 0.091 0.122 0.152 0.091 0.122 0.152 
Main Branch 2,934 3,933 4,900 3,234 4,335 5,402 1.70 2.28 2.84 1.88 2.52 3.14 
Trib 1-1  185 249 310 204 274 341 0.11 0.14 0.18 0.12 0.16 0.20 
Trib 1-2  271 363 452 298 400 498 0.16 0.21 0.26 0.17 0.23 0.29 
Trib 2   158 212 264 174 234 291 0.09 0.12 0.15 0.10 0.14 0.17 
Trib 3  197 264 329 217 291 363 0.11 0.15 0.19 0.13 0.17 0.21 
Trib 4  43 58 72 47 64 79 0.02 0.03 0.04 0.03 0.04 0.05 
Trib 5  881 1,181 1,471 971 1,301 1,621 0.51 0.69 0.85 0.56 0.76 0.94 
Trib 6   34 45 56 37 50 62 0.02 0.03 0.03 0.02 0.03 0.04 
Trib 7 778 1,043 1,300 858 1,150 1,432 0.45 0.61 0.75 0.50 0.67 0.83 
Trib 8  1,057 1,417 1,765 1,165 1,562 1,946 0.61 0.82 1.02 0.68 0.91 1.13 
                  
Totals 6,537 8,764 10,919 7,206 9,661 12,036 3.79 5.09 6.34 4.18 5.61 6.99 
 
 
Table 4.  Sediment and P contributions from streambank erosion along Squaw Creek utilizing NRCS recession rates   
 Yearly Sediment Contributions Yearly Phosphorus Contributions 
  Metric Tons   Tons  Metric Tons Tons 
Recession 
Rate (m/yr) 0.091 0.122 0.152 0.091 0.122 0.152 0.091 0.122 0.152 0.091 0.122 0.152 
Main Branch 1,022 1,370 1,707 1,126 1,510 1,881 0.59 0.80 0.99 0.65 0.88 1.09 
Trib 1 323 433 540 356 477 595 0.19 0.25 0.31 0.21 0.28 0.35 
Trib 2 34 45 56 37 50 62 0.02 0.03 0.03 0.02 0.03 0.04 
 
            
Totals 1,378 1,848 2,303 1,520 2,037 2,538 0.80 1.07 1.34 0.88 1.18 1.47 
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Table 2.  Yearly sediment export recorded at downstream gauging stations in 
Walnut and Squaw Creeks from 1996 - 2005.  Data for this table was obtained from 
Table 9 in Iowa Geological Survey Technical Information Series #49 (Schilling et. al. 
2006) 
 
 
Annual 
Sediment Load   
Annual 
Sediment Load  
Walnut  
Water 
Year 
Metric 
Tons Tons Squaw  
Water 
Year 
Metric 
Tons Tons 
 1996 12,977 14,304  1996 13,515 14,897 
 1997 8,527 9,399  1997 4,537 5,001 
 1998 16,622 18,322  1998 18,557 20,456 
 1999 7,967 8,782  1999 7,263 8,006 
 2000 2,634 2,903  2000 8,493 9,362 
 2001 5,767 6,357  2001 5,390 5,642 
 2002 3,362 3,705  2002 810 893 
 2003 8,064 8,889  2003 4,148 4,572 
 2004 3,927 4,328  2004 5,118 5,642 
 2005 6,172 6,803  2005 5,143 5,669 
Average 
 7,606 8,384 Average  7,297 8,044 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
76  
 
 
Table 3.  Sediment and phosphorus contributions to Walnut and Squaw Creeks 
using recession rated from the central Iowa study by Zaimes et al. (2004). 
Walnut Creek Sediment Contribution  Phosphorus Contribution 
 Metric Tons Tons Metric Tons Tons 
Main Branch 2,062.15 2,273.14 1.20 1.32 
Trib 1-1  297.25 327.66 0.17 0.19 
Trib 1-2  735.84 811.13 0.43 0.47 
Trib 2  146.79 161.81 0.09 0.09 
Trib 3   66.01 72.76 0.04 0.04 
Trib 4   49.35 54.40 0.03 0.03 
Trib 5  572.24 630.79 0.33 0.37 
Trib 6   74.02 81.59 0.04 0.05 
Trib 7  284.29 313.38 0.17 0.18 
Trib 8  375.08 413.46 0.22 0.24 
 
    
Total 4,663.02 5,140.13 2.98 2.98 
 
    
Squaw Creek Sediment Contribution  Phosphorus Contribution 
 Metric Tons Tons Metric Tons Tons 
Main Branch 1,944.47 2,143.43 1.13 1.24 
Trib 1 359.89 396.71 0.21 0.23 
Trib 2 88.30 97.34 0.05 0.06 
 
    
Total 2,392.66 2,637.47 1.39 1.53 
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Table 7.  Table contains mean per-pin recession values from four time frames 
between 2005 and 2007 for Walnut Creek (standard deviations in parentheses).  
 
 Per Pin Erosion Values (cm) 
Land Use 
First 18 
Months 
Dec 2006-
May 2007 
Single Storm 
Event 
Two Year 
Total 
Per Year 
Erosion 
Rate 
 
      
Grazed Pasture 0 9.7 (12.8) 6.1 (9.9) 9.7 4.9 
Riparian Forest 0 19.1 (15.2) 9.8 (8.2)  19.1 9.6 
Grassland 1.7 11.4 (17.2) 5.3 (10.7) 13.1 6.6 
Grass tree mix * 0.8* 15.3* 7.6* 16.1* 8.1* 
 
2
 
Table 8.  Sediment and phosphorus contribution estimates for streambank erosion 
along Walnut Creek for the time between June 2005 and May 2007 utilizing pin 
measured recession rates  
 
Sediment and P Contribution Two Year Total 
 
Sediment discharge Phosphorus discharge 
 
 
Metric Tons  Tons 
 
Metric Tons Tons 
Main Channel  2,920.04 3,218.81 1.87 1.69 
Trib 1-1  183.29 202.05 0.12 0.11 
Trib 1-2  38.12 42.02 0.02 0.02 
Trib 2  256.87 283.15 0.16 0.15 
Trib 3  127.82 140.90 0.08 0.07 
Trib 4  69.50 76.61 0.04 0.04 
Trib 5  418.39 461.20 0.27 0.24 
Trib 6  14.30 15.76 0.01 0.01 
Trib 7  0 0 0 0 
Trib 8  920.39 1,014.56 0.59 0.53 
 
    
Total 4,948.72 5,455.06 3.17 2.87 
 
 
 
 
 
                                                 
2
 * Estimate derived from the mean of grass land and riparian forest sites 
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Table 9.  Sediment and phosphorus contribution estimates for streambank erosion 
along Walnut Creek for the time between June 2005 and December 2006 and 
percentage of two year total utilizing pin measured recession rates. 
 
June 2005 – December 2006 
 
Sediment contribution P Contribution 
 
Metric 
Tons Tons 
% of 2 yr. 
total 
Metric 
Tons Tons 
% of 2 yr. 
total 
Main 
Channel 70.20 77.39 2 0.041 0.045 2 
Trib 1-1  8.04 8.86 4 0.005 0.005 4 
Trib 1-2  1.95 2.15 5 0.001 0.001 5 
Trib 2  18.60 20.50 7 0.011 0.012 7 
Trib 3  7.49 8.26 6 0.004 0.005 8 
Trib 4   5.22 5.76 8 0.003 0.003 8 
Trib 5  3.54 3.91 1 0.002 0.002 1 
Trib 6  0 0 0 0 0 0 
Trib 7  0 0 - 0 0 - 
Trib 8 30.98 34.15 3 0.018 0.020 3 
 
      
Total 146.03 160.97 3 0.085 0.09 3 
 
 
Table 10.  Sediment and phosphorus contribution estimates for streambank erosion 
along Walnut Creek between December 2006 and May 2007 and percentage of two 
year total using pin measured recession rates. 
 
December 2006 – May 2007 
 
Sediment contribution P Contribution 
 
Metric 
Tons Tons 
% of 2 yr. 
total 
Metric 
Tons Tons 
% of 2 yr. 
total 
Main Branch 2,849.84 3,141.42 98 1.65 1.82 98 
Trib 1-1  175.25 193.18 96 0.10 0.11 96 
Trib 1-2  36.16 39.86 95 0.02 0.02 95 
Trib 2  238.28 262.66 93 0.14 0.15 93 
Trib 3   120.33 132.64 94 0.07 0.08 92 
Trib 4   64.28 70.86 92 0.04 0.04 92 
Trib 5   414.85 457.29 99 0.24 0.27 99 
Trib 6   14.30 15.76 100 0.01 0.01 100 
Trib 7   0 0 - 0 0 - 
Trib 8  889.41 980.42 97 0.52 0.57 97 
       
Total 4,802.70 5,294.09 97 2.79 3.07 97 
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Table 11.  Sediment and phosphorus contribution estimates for streambank erosion 
along Walnut Creek during a single storm event on April 24th and 25th 2007 and 
percentage of two year total using storms pin measured recession rates. 
 
 Single Storm Event Walnut Creek 
 
Sediment Contribution P Contribution 
 
Metric 
Tons Tons 
% of 2 yr. 
total 
Metric 
Tons Tons 
% of 2 yr. 
total 
Main Branch  1,528 1,684 52 0.89 0.98 52 
Trib 1-1  101 112 55 0.06 0.07 55 
Trib 1-2  18 20 49 0.01 0.01 49 
Trib 2  120 132 47 0.07 0.08 47 
Trib 3  61 67 48 0.04 0.04 48 
Trib 4  32 35 47 0.02 0.02 47 
Trib 5  254 281 61 0.15 0.16 61 
Trib 6  8 9 62 0.01 0.01 62 
Trib 7  0 0 - 0 0 - 
Trib 8  453 499 49 0.26 0.29 49 
      
Totals 2,579.82 2,579.82 52 1.65 1.65 52 
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Table 12.  Table contains individual streambank recession rates with standard 
deviations, sediment and phosphorus contribution for single storm event of April 
2007.   
Ref. 
no. Land use # Pins 
Avg 
Recession  
Rate  
St. 
dev. 
Sed. 
Delivered  P Delivered  
      (cm)   (Tonnes) (Kg) 
1 Grazed 70 3.49 6.5 3.35 1.94 
2 Grazed 12 2.44 2.9 8.53 4.95 
3 Cool Season Grass 16 2.25 1.7 0.23 0.13 
4 Cool Season Grass 12 1 1.1 0.21 0.12 
5 Cool Season Grass 26 3.2 3.6 1.54 0.90 
6 Warm Season Grass 12 4.4 1.7 0.83 0.48 
7 Warm Season Grass 22 1 2 0.28 0.16 
8 Warm Season Grass 14 8.83 21 2.50 1.45 
9 Warm Season Grass 16 18.46 19.3 3.39 1.97 
10 Warm Season Grass 10 8.24 11.7 1.38 0.80 
11 Cool Season Grass 20 6.83 6.2 2.37 1.37 
12 Cool Season Grass 12 6.37 4 1.15 0.67 
13 Riparian Woodland 20 8.02 5.1 2.80 1.63 
14 Riparian Woodland 44 4 3 2.96 1.72 
15 Riparian Woodland 72 7.91 8.2 9.92 5.76 
16 Grazed Pasture 40 12.5 16.9 9.54 5.54 
17 Grazed Pasture 18 3.21 2.5 1.06 0.62 
18 Grazed Pasture 46 6.5 4.9 5.41 3.14 
19 Riparian Woodland 58 15.31 7.5 19.02 11.04 
20 Riparian Woodland 76 10.27 9 16.49 9.57 
Totals 616     92.97 53.97 
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Figures 
 
Figure 1.  Map of surveyed portion of Walnut Creek with location of erosion pin 
study areas. 
82  
 
 
 
 
Figure 2  Map of severely eroding streambanks with erosion pin plots 1-8 
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Figure 3 Map of severely eroding streambanks with erosion pin plots 9-15  
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Figure 4 Map of severely eroding streambanks with erosion pin plots 16-20 
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Figure 5.  Diagram of erosion pin placement along eroding streambank face.   
 
 
 
Figure 6.  Erosion pin measurements were recorded in cm.  Positive measurements 
were considered erosion while negative measurements were considered as 
deposition.  
 
Photo by Kris Knight 
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Figure 7.  Photo of groundwater monitoring well transect on warm-season grass site 
one.  Wells are spaced at 1, 18 and 36 meters from stream edge. 
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Figure 8.  Graphs A and B display cumulative precipitation and ground water depth 
near the streambank from January to May of 2006 and 2007.  Water depth in a well 
placed one meter away from the edge of the bank is used to display the stream’s 
reaction to precipitation (increase in stage) along cool season 2 site.. 
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Figure 9.  Graphs C and D show groundwater depth and cumulative precipitation 
from January 2006-December 2006 and from January 2007-May 2007 respectively. 
Groundwater depths were acquired from a monitoring well 30 meters from the edge 
of the streambank along a cool season grass site in Walnut Creek. 
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Figure 10.  Photos 1 and 2 display the inability of pins to capture erosion along the 
lower portions of grazed pasture banks.  Red line indicates location of the bottom 
row of pins, note the striping of toe material below the pins. 
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Figure 11 Photo shows a two meter failure block along a grass land site in Walnut 
Creek.  Image shows why pin spacing over one meter could potentially miss 
localized failures (yellow circles represent erosion pin locations) 
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CHAPTER 4 General observations and research suggestions 
Information collected during this investigation was not limited to physical 
measurement of location and rates of streambank erosion.  Recorded visual observations 
and photographs taken throughout the two year study period helped to further explain the 
mechanisms at work within this watershed.  The following is an overview of historical 
impacts and activities and trends noted by the investigators in the field throughout the 
study.   
Walnut Creek has undergone multiple human induced changes as a direct result of 
agricultural activity within the watershed; a common fate among small Iowa streams.  
Over the 150 year history of major agricultural activity in Iowa nearly all the native 
prairie (99.9%) and wetlands (95%) were lost due to plowing for crop cultivation which 
occurred during the transition from native vegetation to row-crop agriculture (Burkhart et 
al., 1994, Whitney, 1994).  This major change in upland vegetation was accompanied by 
broad scale tile drainage installation intended to remove moisture from saturated soils, 
increasing available crop land.  The increased water removal by tile drainage 
accompanied by the decrease in storage capacity associated with wetland removal and the 
loss of perennial vegetation cover resulted in an increase in the rate and amount of water 
entering stream systems (schumm, 1999).  This change in hydrology results in a series of 
channel adjustments to accommodate the increase in flow (Lane, 1955; Schumm, 1973; 
Simon, 1989).  Further hydrologic alterations of stream systems were caused by the 
dredging of artificial channels and channelization of existing streams.  Channelization of 
stream networks have been shown to result in an increase in gradient, velocity, sediment 
discharge and a decrease in overall stream length.  Simon (1989) noted stream channel 
length reductions of up to 44% following channelization activities.  In Iowa alone it is 
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estimated that over 4,800 km of stream length has been lost due to channelization 
activities around the state (Bulkley, 1975).   
Walnut Creek, along with many other altered streams in the Midwest, is 
progressing through the six stages of channel adjustment commonly seen in response to 
major alterations (Simon, 1989).  Stage one represents the pre-modified condition of the 
stream network.  The second stage, under Simon’s take on the stream evolution model, 
represents the construction of new channels or the channelization of existing channels.  
The third stage is represented by degradation of the channel by down cutting which 
results in higher streambanks.  This degradation of the channel can commence after 
channelization as Simon suggests but can also start as a result of a major change in 
hydrology, an increase in the total or peak discharge moving through the channel system 
(Lane 1955).  The nick-point in the stream bed will migrate upstream beyond the point of 
initial instability until it comes to a control point or the top of the landscape.  The fourth 
stage involves the mass wasting of streambanks and the widening of the overall channel.  
Stage five and six represent the aggradation of materials from streambank slumping along 
the toe of the bank and the formation of a new flood plain resulting in a channel in 
equilibrium with the flows associated with the system.  Visual observations of channel 
form within Walnut Creek indicate that the channel is in or entering the widening phase 
of the channel evolution model as evident by the many slab and rotational failures 
observed throughout the watershed.  The presence of these failures increases as you 
approach the lower sections of the stream system which indicates higher instability in this 
region (Simon et al, 2000). 
The mid-sections of Walnut Creek (from around warm season site 1 to cool 
season site 2, Figure 1) are predominantly composed of long channelized sections lined 
by cool season grasses with sporadic clumps of trees along the streambank edge.  Small 
sections of stream through this area were not physically channelized; these sections are 
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associated with short narrow (100-300 meters long, 15-30 meters wide) areas of 
woodland in the riparian corridor usually associated with the confluence with a tributary.  
The age of the channelized sections (date of channelization) is not known however 
photographs taken at bridge crossings (obtained from Jasper County DOT) in 1975 show 
well developed channelized sections in locations that are currently noted to be 
channelized.  Aerial photography from the 1930’s showed that most of the major 
channelization of the tributaries of Walnut Creek had already taken place, however the 
main branch had not been altered.  The areas around warm season sites 1 and 2 and cool 
season site 2 which are presently channelized ditches were at that time sinuous channels 
with wide meander belts (Figure 2) Information from the 1975 photos indicated that the 
minimum time since channelization of the main branch is 34 years but due to the 
vegetation present in the 1975 photos (small trees and shrubs > 15 years in age) 
channelization likely occurred years before the photo was taken.   
Numerous observations along the modified portions along Walnut Creek indicate 
that the system is unstable, moving from stage 3 to stage 4 in the channel evolution 
model as previously described.  It was noted along a section of channelized stream that an 
old fence row was falling into the channel as it was being undermined.  Many long 
sections of streambank in the channelized sections of Walnut Creek are undergoing slab 
failures which result in slumps of sod along the toe of the bank (figure 3).  It should be 
stated that many of the slumps witnessed along channelized portions of the channel 
occurred in areas that were previously completely covered by grasses (figure 4).  The 
presence of these failures indicates that the channelized stream sections in Walnut Creek 
are beginning to widen and break through the channel walls created during 
channelization.  It can be expected that this trend will continue as the stages of channel 
evolution advance and the channelized portions of the stream network, over time, will 
become a larger source of sediment than indicated by the current study.  It is possible that 
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as the prairie grasses planted by the refuge mature that this process will slow however the 
streambanks will continue through the stages of channel evolution until they become 
stable. 
The occurrence of severe erosion where vegetation covers the bank indicates that 
the total severely eroding length in channelized sections represented by the 2004 
represented the conditions at that time but the streambank survey may not be accurate for 
current conditions as lengths may have changed.  It is probable that the total length of 
erosion along these sections of channel changes on an annual to semiannual basis both by 
elongation of existing eroding banks and by development of new failure locations.  
Lengthening of eroding banks and development of new failure locations was not 
observed in the forested sections or in non-channelized grass sections.  It would appear 
that the location of severe erosion along these sections of the channel is more predictable 
and consistent then along the channelized sections where no outside bends exist.  Future 
monitoring of individual stream sections will be necessary in order to ascertain the 
significance of these observations. 
In the lower portion of Walnut Creek, below cool season site 2 and above the 
lower gauging station (figure 1), channelization was not wide spread.  The only 
channelized section occurs in relationship to a bridge and is only 100 to 200 meters in 
length.  It is in this lower portion of the watershed where most of the grazed pasture and 
nearly all of the riparian forest is located.  Streambanks along the wooded sections in the 
lower portion of Walnut Creek were commonly observed to be between 3 and 4 meters 
high.  The major root balls of trees along these banks only extended down a meter or so, 
leaving around two meters of rootless soil exposed along the bottom sections of the 
streambanks (figure 5).  A study conducted by Simon and Collision (2002) found that the 
impact of roots on streambank stability only extended down to a depth of 50 cm below 
that roots had very little impact on streambank stability.  Information from that study 
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indicates that in the forested sections of Walnut Creek around two and a half meters of 
streambank are not protected by the root system of the riparian forest.   Tree species most 
commonly observed in riparian woods site 1 were Slippery Elm (Ulmus rubra Muhl) and 
Honey Locust (Gleditsia triacanthos L.) with some Silver Maple (Acer saccharinum L.), 
while site two was dominated by Ohio Buckeye (Aesculus glabra Willd.) and Silver 
Maple (Acer saccharinum L.).   Trees found along the sites represent species which are 
commonly found along riparian corridors in central Iowa (van der Linden and Farrar, 
1993).  According to 1850’s era surveyors notes from the area the riparian forest of today 
did not exist.  The few trees along this area were oaks, comprising an oak savanna 
ecosystem (personal communication, Pauline Drobney, US Fish and Wildlife Refuge 
Biologist).  The current riparian forest species were either planted by settlers or migrated 
northward from the larger flood plane of the Des Moines River once fire suppression was 
implemented by settlers.  At a maximum the riparian forest community in and around the 
study area is 150 years old, but is likely much younger than that (silver maples and honey 
locust typically live 80 to 130 years).  Information obtained from 1930’s era aerial 
photography showed that the woodlands around forest site 2 were in almost the same 
location and condition as they are today, however the area around forest site 1 was almost 
entirely devoid of trees.  It was observed through out the study that many of the older 
silver maples were dead or dieing and that those located along the streambank were 
caving into the stream (figure 6).   The entrenchment of the stream network  and ageing 
forest community, coupled with the possible influences of upstream channelization 
(increased stream power) sets the stage for wide spread mass failures in this zone of the 
watershed.  The trend of riparian forest being located toward the lower portion of the 
watershed and row crop (likely channelized) sections being located predominantly up 
stream of these locations is common throughout Iowa and the surrounding states.  The 
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situation that exists in Walnut Creek is not unique and therefore the trends noted may 
also not be unique.                
 As the stream flows from the cool season 2 site into forest site 1 the channel form 
goes from a deep “V” like shape to a more “U” shaped pattern, and also becomes 
noticeably wider within 20 meters after entering the riparian woods, a trend which is 
noted by multiple studies (Davies-Colley, 1997; Trimble, 2004).  Within 100 meters of 
entering the riparian forest the channel begins to meander, marking the end of major 
channelization.  Of the three streambanks measured in forest site 1; two are located in this 
initial channelized section.  The erosion rates observed along these two banks are the 
lowest of any forest banks.  The per-pin recession rates observed on the two banks (8.2 
and 8.6 cm) were slightly lower than the mean recession observed in the grass sites (11.2 
cm) and no major failures were observed anywhere in the channelized section of forest 
site 1.  Below this section numerous major failure locations and large woody debris 
(LWD) build ups were observed.   
It is well documented that channelized stream sections have an increased gradient 
which is caused by decreasing the overall length of the channel.  Simon (1989) reported 
that channelization of streams in western Tennessee resulted in shortening of streams by 
as much as 44% and increasing the gradient up to 600%.  This increase in gradient results 
in an increase in velocity through the channelized section.  As the water moves 
downstream along this conveyor belt it enters a sinuous (meandered) stream section with 
increased stream power that may artificially increase both the presence of and rate of 
streambank erosion within that section.  The increase in velocity through channelized 
sections has little effect on the banks in that section because the highest flow velocity, 
which follows the thalweg, is located just below the surface in the middle of the 
straightened channel, away from the banks (FISRWG, 1998).  As the flow enters a 
meandered reach the location of the thalweg shifts and runs along the outside bend of the 
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meander curves in the stream channel.  The increased stream power from the channelized 
section directly impacts the streambanks along the meandered reaches downstream.  How 
far downstream this local increase in stream power is transmitted is not known and 
should be given more consideration in future studies.  
The increased flow velocity associated with channelized stream sections may be 
directly responsible for undermining trees along the streambanks in the lower portion of 
the watershed.  This undermining has lead to an influx of LWD along the channel, which 
in a stream of this size can have large impacts on local streambank erosion rates.  Keller 
and Swanson (1979) noted that third to fourth order streams can be impacted significantly 
by LWD inputs because the channel has sufficient flow to redistribute logs into 
concentrated areas but is to narrow to facilitate the dislodging of log jams and that these 
accumulations of LWD can have significant impacts on local bank erosion rates and 
channel morphology.     
The riparian forest areas in the lower portion of Walnut Creek, especially those in 
and around forest site 2 contain multiple examples of the impacts of mass failures and 
LWD buildups.  Evidence of system wide instabilities are present in several forms 
throughout the lower portions of Walnut Creek.  Many trees along the riparian corridor in 
this area were observed to be leaning inward toward the stream channel, an indication of 
both local and system wide instabilities (FISRWG, 1998).  Local instabilities may be 
caused by or exacerbated by the larger system wide instabilities at play.  The large 
buildup of LWD presented in figure 7 likely started as a single large obstacle that began 
trapping LWD from upstream.  The presence of such a feature is an indication of 
upstream channel degradation related to instabilities on a larger scale (FISRWG, 1998).  
Numerous mass failure locations like the one pictured in figure 8 were observed in the 
lower portion of Walnut Creek.  This particular example involved the failure of at least 
three large trees and the slumping of the streambank from an area roughly 20 meters long 
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and 4 meters wide.  Using the watershed wide average bulk density of 1.33 metric tons 
per cubic meter coupled with the average bank height of 3.5 meters in the area, it can be 
assumed that roughly 372 metric tons (410 tons) of soil entered the stream from this one 
failure.  This amount is in addition to whatever streambank erosion occurred due to the 
diversion of flow associated with the failure.  Figure 8 highlights the localized impact 
that such a large event can have.  The two photos in the figure show how over time the 
large failure block is being eroded away and is becoming an island in the middle of the 
channel.  This series of photos shows how the sediment input from these major events is 
not instantaneously contributed to the suspended sediment budget of the stream, but is 
slowly carried downstream over time. 
The photo in figure 9 displays the formation of a possible future failure block as it 
slowly migrates toward the channel.  Within the feature two distinct failure blocks are 
present the location of the two fracture lines at the surface of the soil correspond to the 
potential failure plane of the soil block.  The fractures observed in figure 9 line up with 
the edge of the major root balls of the trees within each failure block.  It was observed 
throughout the study time period that these fractures were widening and the individual 
slumps were lowering in elevation with respect to the ground surface of the surrounding 
area, which would indicate that the blocks are slowly migrating toward the stream 
channel.  Upon investigation of the surface fractures it was noted that many roots were 
pulled tight with tension and many other roots were broken and were no longer 
supporting the block.  This observation supports the findings of a recent study by Pollen 
and Simon (2005) which showed that the distribution of root diameters and thus root 
tensile strengths results in the progressive breaking of roots as a streambank shears.  The 
findings of this study coupled with observations in the field indicate that time and root 
system distribution and size are major variables influencing sediment contribution from 
mass failures such as these.   
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The magnitude and spatial frequency of the observed failures indicates that they 
could be a significant source of sediment at the time of failure and for many years after 
the initial event, as the failure block is eroded away.  The major question with regards to 
systems like this is, at what frequency do events like this occur?  While likely the result 
of system wide processes, the mass failures themselves appear to be highly localized in 
nature and are very difficult to capture utilizing traditional erosion pin measurements.  
Development of accurate sediment contribution estimates in these systems will require an 
understanding of the timeframe in which the processes taking place in Walnut Creek 
occur. 
Another example of the variability in streambank erosion occurred along the third 
eroding bank in forest site 1 (just downstream of channelization) where a very large 
(roughly 9 meters long, 3 meters wide and 3 meters high) mass failure was observed prior 
to pin installation.  This failure deposited a large mass of soil in the center of the channel 
which upon initial observation was roughly 5 meters long, 2 meters wide and 2 meters 
tall accompanied by three smaller clumps roughly 1.5 to 2 cubic meters in size.  It was 
determined that the failure most likely occurred during the last major flow event because 
fresh lose soil and freshly broken tree roots were observed in and around the failure.  
Three days prior to discovery a channel full discharge occurred within this reach.  Soil 
contribution from the failure as a whole is estimated to be around 108 metric tons (119 
tons) of which roughly 33 metric tons (36 tons) were deposited in the channel as an intact 
mass.  From these estimates it can be assumed that around 75 metric tons (83 tons) of 
sediment was moved downstream in the single event.   
The main block caused the channel to divert and form two channels along this 
section (Figure 10), a phenomenon observed throughout the wooded areas of this stream 
system and noted to be common in low gradient meandering streams (Keller and 
Swanson, 1979).  Over the two year study period the failure block drastically reduced in 
100  
 
size becoming a small, 2 meter long, 1 meter wide, and 1 meter high island in the middle 
of the channel, protected on the upstream end by a stump.  The smaller clumps of soil 
completely disappeared. The failure block associated with this mass failure contributed 
sediment to the stream during the entire course of the investigation.  Soil contribution 
from the reduction in size of the failure blocks was estimated to be roughly 30 metric tons 
(33 tons) over the two year period.   It can be stated from this observation that major 
failure events have the potential to affect local stream flow patterns and sediment loading 
for long periods of time after the initial failure event.  Trends recognized in this study 
highlight the fact that recession rates can fluctuate tremendously and any attempt to 
quantify average recession rates must take place over multiple seasons.   
Often riparian corridors dominated by woody vegetation are overlooked as a 
source of sediment.  This is likely due to the larger width of the riparian corridor 
associated with forested areas and the emphasis resource managers place on agriculture 
systems which encroach on the stream (also a dominant source of sediment).  Due to the 
previously discussed mechanisms at play in agricultural dominated watersheds many 
unmanaged wooded areas in the Midwest may be providing significant amounts of 
sediment to streams.  The earlier work by Zaimes et al. (2006) which took place in an 
engineered and highly maintained riparian forest community showed that riparian forest 
areas area very stable in nature and contribute far less sediment than indicated in this 
current study.  Work conducted in that investigation coupled with information uncovered 
by this study emphasizes the importance of not treating all systems the same.  Due to the 
varied forces driving erosion in incised vs. un-incised, channelized vs. un-channelized 
and the many other stream conditions which affect erosional activity it is vital that we not 
approach every management decision with the same toolbox.  It is important that further 
work is done to track the mechanisms at play in theses varied and complicated systems to 
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better determine how to focus conservation efforts which could mitigate such erosive 
activity. 
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Figures 
 
 
Figure 1.  Map of surveyed portion of Walnut Creek contains location of erosion pin 
study areas and layout of the Neal Smith National Wildlife Refuge. 
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Figure 2 Aerial photo from the 1930’s shows past and present stream channel 
location around the cool season 2 and forest 1 sites. 
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Figure 3  Slab failure along Walnut Creek streambank 
 
Figure 4  Slump along previously vegetated streambank in Walnut Creek 
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Figure 5  Tree roots along Walnut Creek streambank 
 
Figure 6  Dead trees collapsing into Walnut Creek 
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Figure 7 Massive debris build up in lower section of Walnut Creek 
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Figure 8 shows a massive failure block along forest site one in Walnut Creek.  Photo 
1 shows a side profile of the downstream end of the block.  Photo 2 shows the 
upstream end of the failure block (note the formation of a side channel)  
 
Photo by: Jason Palmer Photo 1 
Photo 2 Photo by: Jason Palmer 
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Figure 9 Red lines in photo depict the formation of two distinct failure planes along 
a streambank in the forested section of Walnut Creek 
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Figure 10  Photo shows a failure block and island formation along a streambank 
located in forest site one in Walnut Creek 
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